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Resources
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2700 Rue Einstein
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Biomass Institute

Ministry Natural Resources
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Mr. B.S.P. Wang Canadian Forestry Service
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Mr. Ronald G. Wasser Sussex Tree Nursery
R.R.4
Sussex, N.8., EOE 1P0
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B.C. Ministry of Forests
1450 Government Street
Victoria, 8.C., V8I,{ 3E7
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Bowater Mersey Paper Co.
P.O. Box 1150
Liverpool, N.S., B0T 1K0

Ministry of Natural Resources
Orono Tree Nursery
Orono, Ontario, LOB 1M0
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BUSINESS MEETING - MINUTES

J. C. Ileaman chaired the l8th Business Meeting of t.he C.T.I.A. /
A.C.A.A. which was called to order at B:45 p.m. August 19, 1981.

207 . MINUTES OF THE LAST },IEETING

Motion: That the minutes of the 17th meetins be adopted as published.

Moved by B. S . P . Wang , seconded by J. Thompson. Ca.rri.ed.

208. MEMBERSHIP

The following nominees for Sponsoring and Active membership were
presented:

a) New l'lembers

1) Sponsoring

Mr. F.L.C. Reed Assistant Deputy Minister
Canadian Forestry Service
0ttawa, Ontario

2) Active

Dr. .l . E. Barlcer ia/estern Forest Products
Mr. C.A. Bartram B.C. Ministry of Forests
Mr. J. Begin Canadian International Paper Co"
l{r. R.D. Bettle N.B. Dept. of Natural Resources
Mr. P. Bizens B.C. l{inistry of Forests
Mr. T.J.B. Boyle Canadian Forestry Service
Mr. W. Cheliak Canadian Forestry Service/Universiry

of Alberta
Dr. U. El-Kassaby Universj-ty of BriEish Columbia
Dr. R. Ho Ontario Ministry of Natural Resources
Mr. J. Hood Ontario Ministry of Natural Resources
Mr. B. Jaquish B.C. Ministry of Forests
Ms. S.E.T. .Iohn Canadian Forest Products
Dr. M.H. Knowles Lakehead Universitv
Dr. D.T. Lester Crown Zellerbach
Dr. J. Maze University of Britisb Columbia
Mr. L.K. Miller Ontario Ministry of Natural Resources
Mr. M.A. Mubareka Fraser Company
Dr. W.H. Parker Lakehead Uni-versity
Ms. D. Roddy Prince Albert Pulpwood Ltd.
Dr. S.D. Ross B.C. Ministry of Forests
Mr. D. Simpson Canadian Forestry Service
Mr. R.G. Wasser Irving Company
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-] ) Corrcspond ing

'l'lte nirntcs of 66 new Corre-sllonding Mcnil)ers \^/erel added to tirc:
lisL of C:rnadian addressees rltLriug l979-Ul.

b) Change oI St:rtus from Active to Corresponding

A.C. Carlisle
K. C. Eng

c) Change of Status from Corresponding to Active

Mr. W.D. Baker
Mr. G. Dunsworth
Ms. Anita M.K. Fashler

Motion: That the prospective! members (as listed) be duly
el ected.

Moved by K. fllingworth, seconded by D. Winston. Carried.

?09. 1.'INANCIAL STATEMENT

Financial statemenL prepared by C.W. Yeatman. Ediluorl Treasurer,
was tabled for rnembership information and acceptance. It showed tirat
as of .fullr l), 1981. the Associationts account had a balance of
$2,411. 56.

Motion: That the financial statement as presented be accepted.

l{oved by J,I. K1ein, seconded by E.I(. Morgenstern. Carried.

210. FINANCIAL CONTRIBUTIONS FOR THE :I981 SYMPOSII]M

J.C. Heaman explained that the forest industries and provincial
Forest Services in B.C. and Alberta \^rere approached for contributions
to pay for travelling expenses of several invited symposium speakers.
A total amount of $2,895.00 was kindly contributed by the following
organizations.

British Columbia

British Columbia Forest Products Ltd.
Canadian Forest Products Ltd.
Crown Zellerbach Canada Ltd"
Macl{illan Bloedel Ltd.
Northwood Pulp and Timber l,td.
Paci.fic Forest Products Ltd.
T:lhsis Company Ltd.
hleldwood of Canada Ltd.
trrrest Fraser Mil1s Ltd.
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A_!2_c11t,1

A Ibcrt;r lrorcst Serv ice
(lanirdi:rn lrorcst l)roducts Ltd
Proctcr ;rrrd (l:tmb.1.e (le.Llulose
S t . l{egi s (Al ber ta ) Lrd .

. , A Lbc'r La O1;e rat ion s
Lrd.

Tlhe membership expressed gratitude for the generous contri-
butions provided by these organizations. Gratitude was also
expressed for the luncheons provided by the Government of British
Columbi:r and by the Research Branch of the B.C. Mlnistry of Forests.

271 . F]D TTOR' S REPORT

The report of the Editor: (C.W. Yeatman) outlining concerns and
suggestions on publication of C.T.I.A./A.C.A.A. proceedings, member-
ship and distribution 1ist, and c:onstitution and bylaws \^/as presented
for information and discussion. It was noted with appreciation that
the Canadian Forestry Service will continue to publish the Proceedings,
Parts I and 2. However, constitution and bylaws and membership and
distribution list will have to be published by the Association itse-lf.
The desir:ab11ity of continuing to print and distribute the membership
directory and list of foreign addressees was discussed and debated.
It was finally agreed ttrat the next executive should consider the
cost and desirability of publishing and distributing the directory
and m.,tke the appropriate decision.

The report noted that the number of Canadian addressees in
.Iuly 1981 stood at 428, including 6 Honorary members, 24 Sponsoring
membLrrs, 83 Active members, 204 Corresponding members and 110
libraries and institutions. In addition, foreign addressees included
184 in the United States and some 2l-9 in other countries around the
world. Members \^/ere reminded and recuested to send corrections and
aaa i t I oni-f6-Ttr" n.i I r oTEEI_gg.q-";

2I2. BUSINESS ARISING FROM PREVIOUS MEETINGS

EDUCATION COMMITTEE AND SC}IOLARSHIP FUND

The report prepared by C.W. Yeatman of the Standing Committee on
Forest Education appointed by the 17th meeting of the AssociaEion was
read by l'. Yeh. The Committee was formed to draw up terms of
reference for a For:est Genetics Scholarship Fund in accordance with
the rnotion (itern L92) approved at the Associationrs 16th meeting"
The Committee \^/as instructed (itern 200c): (a) to complete, if
1'rossible an agreement on terms of reference with appropriate co-
sponsors for ratification by the Associationts executive and sub-
secluently, (b) to solicit contr:ibutors for the Scholarship Fund in
accordancc with the accepLed terms of reference.
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F. Yeh inf ormecl metnbe::s liraI Lhe CornmitLee t s ef f orts to f ind
appr:opriate co-sponsor (s ) rvere not sjLlccessf ul ; Canadian Pu1-p and
I)aper: Association, Canadian For:estry Association, and Carradian
tnsti.tute of ]rorestry were apprcached, Aithough there weLs widespreaC
support f or creating a schr.llarship f und e plospects for es tablishing
jt were nof encolrraging" Consider:able discussion took place with
meurbers speaking bot-h jn favor and against continuing efforts to
estab.l isli scholarship Fund. Suppor:t was also voiced j-n f avor of a

proposal communicated in a let.ter by C.W. Yeatman suggesting that
C.T.I.A./A.C.A.A. should take on a functiorral project in education
and establish a prize or a scholarship. It was decided that the
next executive consider various alternatives to continue the Associ-
ationts lnvolvement in irnproving quality of forest genetics education
and training in Canada ernd decide on an appropriate course of action
that may best serve this objective.

b) C0NSTITUTION AND BYLAWS

N. Dhir informed nembers that the
ating amendments approved by the
had been printed and disEributed

2I3. FUTURE MEETINGS

Constitution and B,vlaws incorpor:-
17th meeting of the Association
to membership.

LOCATION OF 1983 MEE-IING

The chairman cal1ed to attention the resolution passed by the 17tir
meeting which stated that the lgth meeting of the Association be
held in Ontario in 1983. It.M. Rauter confirmed that the Ontario
Mini-stry of Natural Resources will host the meeting which will be
held at MaplelToronto.

The possibility of joint rneeting j.n 1983 with North Central Tree
Tmprovernent \,ras also explored (iteur 202e). Ilowever:, it was learned
that NCTIA had decided to hold its l9B3 meeting at I'looster, Ohio
and invited C.T.I.A./A.C.n"it" to coordinate meeting dat-es and programs
in a manner that participants at both C.T.I.A./A.C.A.A. and NCTfA
meetlngs c,an have opportunity to att,end the two rneetings. The in-
vitation was well received and it utas decided that next executive
should discuss rneeting dates and programs wj-th the NCTIA to see if
it can be arranged.

b) THEME FOI{ 19TI1 MEETING

Suggesti-ons wei:e asked for the symposiurn theme for the 19th meeting.
lfhese \,rere: (1) indepth consideratinn of alternate breeding strat-
egies (Rauter), (2) genetic improvement strategies in vegetative
propagation production systenis (Klein), (3) correspondence of realized
genetic gains with predicted genetic gains (Jensen), (4) genetic:
improvement of hardwoods (Morgenstern), (5) provenance research:
critical values related to tree breeding (Yeh). It was decj-ded that
the new executive take thr:se suggestions into considerat-ion Lo decide
an appropriate theme for the 1983 nieetlng.
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c) l.ocATION oF 1985 MEETING

In accorclance with the suggestions discussed at the 16th and 17th
meetilrgs, invitations were received from Nova Scotia Dept. of Lands
and Forests for holding the meeting in Nova Scotia, and from l-e
Comit6 de recherche en g6n6tique et am6lioration forestidres for
holding the meeting in QuEbec City, Qu6bec. The general consensus
was that the 1985 meeting be held in Qu6bec.

Moti_on: That the invitation from Le Comit6 de recherche en g6n6tique
et am6lioration forestibres to hold 20th meetins of C.T.I-A./
A.C.A.A. in Qu6bec City be accepted.

Moved by M. Crow'n, seconded by J. B6gin. Carried.

d) LOCATION OF 1987 MEETING

Suggestions were requested for possible locations for 1987 meeting.
G. Kiss suggested Vernon, B.C.; T. Mullin suggested Nova Scotia;
J. Klein suggested Edmonton, Alberta.

2I4. ELEC'I'ION OF OFFICERS

K. Illingworth and E.K. Morgenstern were appointed as nominating
commiltee and proposed the following slate of officers:

Chairman Miss R.M. Rauter
Vice-chairman Dr. L. Zsuffa
Vice-cliairman (Loca1 Arrangements) Mr. J. Hood
Executive Secretrary Mr. J. Coles
Editor/Treasurer (see item 2L5brc) Dr. C"W. Yeatman

Additional nominations were called from the floor, but none \,,/ere
received.

Motio_n: That the slate of officers proposed by the nominating com-
mittee be elected.

Moved by K. Il11ngworth, seconded by O. Sziklai. Carried.

2I5. NEW BUSINESS

a) SEED REGULATIONS

D. Pollard briefly described a proposal for suggested involvement of
C.T.I.A.lA.C.A.A. in setting certain technical standards for Seed
Regrrlations as part of Canada Seed Act.

Motion: That the Executive of C.T.I.A./n.C.a.n. appoint a sub
committee to: (1) study the proposed regulations for forest
tree seeds pertaining to the Canada Seeds Act, (2) appraise
the proposed role of the C.T.I.A. in establishing standards
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for: these Regulations, and (3) make recommendations to the
Executive for further ac.tion"

Movr:d by D. Po11ard, seconded by J. Klein. Carriecl .

b) AMEND},IENTS TO CONSTITUTION AND I]YLAWS (1981)

Motion: That the C.T.I.A.lA.C.A.A. Constitution and Bylaws be
amended by inserting the word underlined in Article fV'a
and adding Article V.g. as follows:

Article IV.
Executive
a. The Executive of an Executive Secretary, an Editor

and a Treasurer

Article V.
g. Treasurer

The Treasurer shall take office upon completion of the
meeting which elected the new Executj,ve. The Treasurer
sha11 be responsible for receiving and distributi-ng funds
on behalf of the Association, and for maintaining accurate-
arrd up-to-date records of Associationts accounts.

Moved by J. K1ein, seconded by A. Gordon. Carried.

c) ELECTION OF TREASURER

Nomin:rtions for Treasurer were j.nvited from the floor. Only one
nominati.on was recelved, that of Dr. C.W. Yeatman"

Moti on: That Dr . C. i^1. Yeatman be elected as Treasurer of C . T . I. A. /
A. C.A.A.

Moved by A. Gordon, seconded by G. Edwards. Carried.

216" ADJOURNMENT

MotioJL: That the 18th Business Meeting of the C.T.I.A./A.C.A.A. be
adj ourned.

Moved by G. Kiss, seconded by G, Edwards. Carried.

Narinder K. Dhir
Executive Secretary
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C.T.I.A. / A.C.A.A. FIELD TRIP '81

"Any more smart questionsT" HEATHER RUTHER-
GLEN (8.C. Forest Service) explains the Seed Ex-

traction Plant at Duncan.

:...a;t:tt a. ':,t

"The evidence is overwhel . . . " CHRIS HEAMAN
describes progeny tests at Cowichan Lake Experiment
Station.

"Come on, get moving." HENNING JENSEN (B.C.

Forest Service) herds his group around Koksilah

Seed Orchard.

"Gee, I wonder if they will grow in Ontario." MARlE
RAUTER and BEN WANG at Cowichan Lake.
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VANCOUVER ISLAND, B.C.

"Tell us another one." BOB ACKERMAN. OLA
ROSVALL (Sweden), JERRY KLEIN, HANS VAN
BUIJTENEN (Texas A&M), CHRTS MORGEN-
STERN, RON SMITH et al. at Mount Newton Seed
Orchard.

"Pst! Beer's at back." WILLARD FOGAL (right)

among friends at Saanichton Seed Orchard

"My glasses are here somewhere." ROY FAULKNER
(British Forestry Commission) prepares to launch
into the keynote speech.

"This one we stole from Koksilah." DlANA
ANDREW (Pacific Forest Products) and ALAN
OR R-EWING admire contents of the Saanichton
Seed Orchard, with JOHN CONWAY, LORNE
BRACE. MIKE CROWN. and BRUCE DEVITT.



20

COWICHAN LAKE RESEARCH STATION

On the second afternoonr tlrer meml)ers toured ttre llritistr Columb,i:r
Minj-stry ot l'orestsr Tlesearch StaLion and propagation centre at Cowichan
T,ake.

The Research Station \^Ias established in 1-929 and was used
initially t-or silvicultural pro-jects; thinning, site classificafion and
cone crop surveys. A camp was builE to include bunkhouse and cook house
to serve as a base for Reforestation Divisionrs planting and snag-fa1ling
projects in the 1950rs and early 1960rs. 'Ihese facilities are now main-
tained by Research Branch to provide accommodation and meals for visiting
tours, training sessions and Ministry of Forestsr field crews. The
Federal Forestry Service also established a field laboratory there for:
studies of entomology and pathology but this is no longer in use. Wher-r

Dr. Alan Orr-Ewing, the first tree breeder in Britisl'r Columbia, started
to accumulate material for tr:ee improvement work in Douglas fir in the
1950rs, the Research Station became the centre for much of this work and
propagation of grafted and seedling material became a major function. A

nursery was started to raise stock for progeny tests and research projecLs
and a greenhouse was added later for container stock production. Each
year since I9l5 for example about 50,000 controlled cross seedlings have
been raised for the Douglas fir breeding project.

As the programs expanded work on the other species was started,
includlng the raising of seedlings for provenance studies in Interlor
spruce, Douglas fir and lodgepole pine, open-pollinated progenies for the
western hemlock program and the development of ye1low cedar projects.

With the advent of the Coastal Tree Improvement Council in 1979,
the decision was made that all propagation for the orchards rnanaged witl-rin
the Cooperative and for clone banks would be centered on the Reseirrch
Station. The facilities were therefore greatly expanded and by 19Bl
propagation in eight species amounted to over 32r000 grafts and 74,000
cuttings, (which included 40,000 cuttings of yel1ow cedar for use directly
in high elevation reforestation).

Apar:t from the nursery complex, the experimental area comPrises
the breeding collection of Douglas fir, both clone banks of ma[eria]
grafted from selected trees, and seedlings from throughout the speci-es'
range, which will be available for wider breeding studies. Alan Orr-Ewingts
collection of inbred material and some examples of older progeny tests
also are on the area, while research into rootstock origins, graft in-
conpatibility testing and other studies, such as cone stimulation, make
use of the facilities and material. A hedged orchard of yellow cedar is
maintained to provide material for direct reforestation by cuttings; also
a plantation of seedlings and cuttings, whieh will eventually be available
as a seed source for this species, is on the Research Station.
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While emphasis on tree improvement has increased, sllvicultur:e
rese:rr:ch has been continued with the old thinning plots being maintained
and the establishment of permanent sample plots, on r^rhich managed-stand
yield tables can be based. Site classification work has also continued.
including permanent demonstrations for teaching purposes.

At a second segment of the Research Station in the North Arm
forest a few km away, a breeding collection of lodgepole pine, early
trials with Pacific silver fir and land clearing for major clone bank
projects are located.

With a single afternoon and almost 200 members on the tour,
planning the Field trip to cover as many points as possible posed a
challenge, but this was met by splitting the tour into three parts and
rotatj-ng groups among all stops. The North Arm forest had to be left out
altogether.

One group started at the nursery and propagation houses. Flere
tire techniques used for the British Columbia programs !r'ere demonstrated
and the alternatives discussed. The grafting methods and, in particular,
the methods of handling the rootstock and the developing ramets before
they are large enough to ship to the orchards 1ed to lively discussion.
The methods used to root ye11ow cedar for production planting provided a
look at what was, to many people, an unfamiliar species for reforestation
and use of the Spencer Le Maire containers, in which the cuLtings are
taken right to the field site wj-thout root di-sturbance, received special
attention. A look at the long-season Styro B seedlings from controlled
pollinated families from the Douglas fir breeding project provided an
opportuni-ty to outline the objectives and progress of that project.
(Details of these projects appear in the members reports.)

A second group was taken first to the hedging orchard of yelj ow
cedar, a new concept in our reforestation program. Yellow cedar is a
minor reforestation species but it has an I-mportant function in management
of high elevation sites on the coast. Seed procurement and handling
Present a problem (which may be overcome eventually through cone stlmu-
lation techniques), and tests are showing already that rooted cuttings,
which can be obtained very successfully from young material, will grow
well compared to seedlings. The "orchard" consists of rows of half-sib
famllies from selected parents from throughout the zone of utilization.
The seedlings are clipped into bushy form to increase the number of cut-
tings avai-lable and to maintain juvenility.

This group then went on to see plantations of Douglas fir, and
the oldest clone banks in 8.C., dating frorn 1956 and 1958. These, with
the more recent grafting, provided the basis for discussion of graft in-
compatibility in the species and the work that Ingemar Karl.sson (lfanagcr
of the Research Station) is doing to select more compatible sources of
rootstocks. Successful cone and pollen stimulation through girdling was
also demonstrated. Time permitted only a brief glimpse of the 1971
plantation of wide interracial crosses now showing clear differences in
performance.
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The third group started with the silvicultural projects,
lncluding tire oldest thinning plots in Douglas fir on the Pacif,ic coast
(whicir were establi.shed by Schenstrom in I92g), the fertilizer and ttrinning
regimes of recently-established plots for the managed-stand-yield-tables,
and final1y a view of two selected plus tree parents used in the Douglas
l'ir breedi-ng program. These provided a basis for discussion of the
selection criteria and an appraisal of the parent material needed for any
breeding program.

The ob-jective of the tour was to expose the members to the work
at the cowichan Lake Research station, and while raising unanswered
questions, it at least provided a physical picture of the tree improvement
work that can be followed in detail in the membersr reports and their
publications. The tour also provided a breath of fresh air and gave those
from outside ll.C. a chance to see some stands and plantations for them-
selves. With the potential for growth modification seen at the thinning
plots, tlte need for the breeders and managers to maintain close contact
was emphasized.

The spouses and families joined the tour for lunch at the cook-
house and the C.T.I.A. owes a debt of gratitude to the Research Branch of
the Ministry of Forests who provided an excellent meal for 200 people.
0n1y the weather was a disappointment when, after a recent hot spell, it
became cool and windy and only a few hardy souls stayed for a swim.
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PANEI, D].SCUSSION

SPR UCES

Chairman: J. Coles
Panel Members: A. Gordon, G. Kiss
Rapporteur: N. Dhir

Accomplishments and work in progress on genetics, genetic
impr:ovement and related research on ma.jor species of genus Picea across
Canada was reviewed and discussed. Although most of the work has
been concentrated on white spruce and black spruce; starting in recent
years, more attention is being paid to sitka spruce, Englemann spruce,
red spruce ancl interspecific hybridization among selected spruce species.

Starting in 1950's through the work pioneered by Petawawa
Forest Experiment Station, a large number of provenance research planta-
tions have been established throughout Canada. These experiments
are yielding valuable information on geographic variability, species
adaptation, seed source hardiness and superiority. Research results
demonstratiL'rg growth superioriLy and broad environmental adaptation
of Ottawa Valley white spruce provenances in much of eastern Canade
is an excellent example of practical application of such work. Proven-
ance trials of sitka spruce have more recently been established through-
out coastal British Columbia.

Genetic improvement programs to develop superior strains
of seed through selecEion and breeding for forest regeneration are
active in white spruce, black spruce and Englemann spruce in several
provinces. Interest and emphasis on applied breeding for genetic
improvement of these species has picked up momenturn in recent years.
Older and wel,l established spruce breeding programs are found in Quebec,
Ontario and British Columbia. In recent years Alberta, Saskatchewan,
Manitoba, New Brunswick an<l Nova Scotia have started genetic improvement
programs in black spruce andfor white spruce. Several of these programs
are currently spending great deal of efforE and resources in examinin5
alternate hreeding strategies and developing comprehensive long range
breeding plans.

Over the pasl many years, a large number of white spruce
and black spruce progeny test plantations havc been established thrntrl,l'-
out much of the country to provide information useful for applied
breeding. Results from these studies are prov'i ding valuable inforn'rrr ic,-,
on genetic structure of populations, genotype x environment interacti,rns,
inheritance patterns and correlations among traits, and breeding value
of parent genotypes.
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Research on flowering and seed production in spruces has
expanded considerably in recent years. Studies in progress in various
regions consist of phenology of flowering, effect of different ferti lizer
rreaEments and plantaEion spacings on cone producEion, control of
cone and seed insects and diseases, early induction of flowering using
accelerated growth and gibberellic acid treatment, etc. Results from
many of these studies have already contributed useful information
for seed orchard programs.

In sunrnary, research and geneEic improvement programs in
spruces are active in all provinces with varying level of emphasis.
With the increasing level of interest and support for tree improvement
generally evident throughout Canada, prospects for more concentrated
efforts on developing necessary knowledge on geneEics and silviculture
of spruces, and its applications to increase yield and quality of
future forests, are indeed very encouraging.



Z)

PANF]L DISCUSSION

HARD PINES

Cha irman : J. Kle in
Panel Members: C. Ying, T. Ruclolph, G. Buchert
Rapporteur: C. Hewson

Lodgepole Pine Tree Selection

- In British Columbia insect and disease resistance is a primary considera-
tion for selecEion. Also considered is stem and crown form and tree
growth. Selected trees have approximateLy IO% height superiority
over the stand mean. (C. Ying). A roadside selection program has been
adopted. The age class distribution of the selected trees ranges
from 65-145 years. This is very o1d but unfortunately younger stands
seldom exist. (f. Yeh).

- In Alberta comparative measurements are made between selected trees
and other dominants. HeighE superior:ity of the selected trees is
between I?- and I7Z (N. Dhir).

Jack Pine Tree Selection

- In the Central Provinces a 1ow intensity selection method has been
adopted. Tree form and crown shape as $rell as size are used as selection
criteria (;. rtein).

- In ontari.o a large number (400-600) of pltrs trees are selected for
a single breeding zone to a1low for fr,rture roguing. Included in the
selection criteria are stem straightness, branch angle, branch size
and crown form as well as dominant heighE (G. Buchert).

- In New Brunswick 100-150 parent trees are selected annually. Their
goal is to select 1000-1500 trees. lJood quality parameters (fiber
length and specific gravity) are measured at DBH and half heights.

Tree Improvemenc and Genetic Gain in Lodgepole Pine

- Establishing seedling seed orchards and roguing 75% of the families
will result in a l5"A genetic gain. A second generation clonal seed
orchard will yieLd, a 257" genetic gain. Standard error is about 30-
407" of estimate for both programs (F. Yeh). In B.C. family iniormation
will be used to rogue first orchards (C. Ving). There is a trend
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to reforest areas at closer spacing to reduce cror,rn size. By improving
crown form through breeding, planting densities could be reduced.
(H. Goodman).

Tree Improvement and Genetic Gain in Jack Pine

- In Ontario seedling seed orchards will be rogued according to farnily
performance and results from progeny tests (G. Buchert). In the prairie
provinces genetic gain is an esEimate based on the mean perfornance
of the open pollinated progeny tests. Clonal seed orchards are not
established until progeny information is available (.f. Xtein).

- There is an opportunity Eo turn over generations rapidly and within
twenty five years we should have great confidence in our breeding
program and should be esEablishing seed orchards through a breeding
Program rather than establishing orchards using original parent tree
material (t. Rudolph).

Establishment of Family Tests

- In Alberta four tests consisting of 400 farnilies have been established.
Most technical and establishment problems can be overcome by ensuring
that the field staff are well trained and understand the program.
It is essenLial that close checks are maintained throughout alL phases
of the propagaLing and establishing stages of the program (n. Onir
and D. Young). Proper planning at the greenhouse stage eliminates
many handling problems (1. ftein).
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PANEL DISCUSSION

WEST COAST SPEC I ES

Chairnan:
Panel Members:

Rapporteur:

O. Sziklai
C. Heaman, M. Meagher, J. Maze, and special guest
member, Alan Orr-Ewing
A. Fashler

The discussion was opened by short statements from each
panel member reviewing highlights of their individual member rePorts.
J. Maze presented information on the patterns of variation and differen-
tiation in several NorEh American true fir (Ables) species. The current
status of the British Colurnbia Ministry of Forests, western hemlock
(Tsuga heterophvlla) tree improvement program was sumnarized by M.

MeJgher, C. Ileaman covered the progress in the breeding of Douglas-
fir (Pseudotsuga menziesii) ly the Ministry of Forests in coastal
British Columbia.

Conrnents on the panel reports were made by Dr. Orr-Ewing.
He stressed the need for continuity in forest genetics research, parti-
cularly in view of the long term nature of such activities.

The panel comments r{ere closed by O. Sziklai wirh a very
brief review of forest genetics and tree breeding at the Faeulty of
ForesEry of the University of British Columbia.

Several questions were raised from the floor during the
general discussion periods. The proportion of efforE placed into
selection was compared for Douglas-fir and western hemlock. Due to
increased wages, intensive selection (1:5000) used for the early phase
of Douglas-fir program was replaced by the lower initial selection
intensity for the western hemlock prograrn. Choice of the most appro-
priate selection intensity will depend on the number of trees being
selected and on the silvical and genetic characteristics considered
to be important. The ratio of effort placed on selection versus Progeny
testing was noE available for Lhe wesE coast species. However, the
proportion of I to 4 selection to progeny testing ldas reported for
northwestern Alberta.

The potential of vegetative propagation in western hemlock
led to a discussion on the reliability and risk factors associated
with early results from progeny testing. That is, although theoreti-
cally vegetative propagation can be utilized to establish c1onal tests
quickly and hence provide rapid generation turn-over and quick genetic
gains, there is an associated risk with the reliability of resuLEs from
young progeny tests. Reliability in early results can be increased
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by increasing the number of test sites. Many workers reported that
by about eight years data from progeny tests were stabilizing enough
to make early selections, although a time interval of ten to fifteen
years was considered safer.

The B.C. Ministry of Foreststreply to a floor conrnent ques-
tioning the loss of the Douglas-fir inbreeding program was that the
Ministry is responding more directly to the needs of the Coastal Tree
Improvement Council and that all programs cannot be continued due
to changing priorities and a lack of sufficient resources.

The final topic discussed involved the field verification
of realized gains for Douglas-fir. Emphasis had been placed in the
past on deriving genetic information frrom progeny tests alone.
The rrrlequa<:y of the results was questioned and tne discussion poinEed
to the need to establish field tests to obtain reliable information
on realized genetic gain. However, this subjecE is now becoming impor-
tant to the Technical Planning Conunittee of the CoasEal Tree Improvement
Council and field tests Eo estimate these figures will soon be esta-
b 1 ished .
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COTITAINER SEED ORCHARD RESEARCFi

C. Haeussler and S.D" Ross

B,C. I\|iniAtnA o(: Fotte,,sts
Rerszaneh fua-nc\t

Vieton La, 8n i.t i,sl+ Co Lunbi"a
vgz 5J3

Key words: container seed orchards, fJ-ower stimulation, gibberellins,
wacer stress.

A prograrn of container seed orchard research rqas iniEiated in
1980 after a problem analysis by Ebe11 (lgg0) had indicared the grearpotential of this approach for accelerating the production of genetically
irnproved seed. As envisagecl, potted ramets would be cultured within anunheated polyethylene house rhe first 2-3 years for rapid vegetativegrowrh; upon attaining adequate size flower stl-mulation treatments
comprised of gibberellin (GAs) foliar sprays and induced water stresswould be imposed on a biennlal basis alternating with a year of conematuration. rn about 10 years when the rameis became too large forcontainer culture, they would be outplanted to provi-de an inrnediatelyproductive conventional seed orchard. This paper summarizes our progressto date (1980-BI) and plans for furur" ,.""ur"il.

DEMONSTRAT ION ORCIIARD

A L2'2 m x L5.2 m x 5.2 m talI polyethylene house was constructedat the North Road Laboratory in Saanich and a demonstration container seedorchard program established in early May, i-9g0. western hemlock (T""gg
heterophvlla (nat. sarg.) and white spruce (picga glauca (Moench.l v.i"lwere chosen as major test species, the formeil-ecause of its demonstratedresponslveness t,o hormonal flower stj.mulation (Ross et al. lggl), and thelatter because of the great need for a consistant se6d rrupply.

The potted 2- to S-year-o1d western hemlock cuttings and 2- to3-year-ord white spruce grafts used were lefr-over production stockreceived only in late May and consequently left for treatment in theoriginal eontainers and growing medi.a. western hemlock was represented by1 to 15 ramets each of 34 cl-ones (292 totaL). ilalf the ramets per clonerecei'ved a slower stimulation treatment consisting of water stress and
::.TlY,-111ar,spray! of GA 4/7 (inirially aE Z0A then 100 mg 1-i) beginningon Lt June and continuing 7 weeks for western hemlock and 1Z weeks forwhite spruce. rn the autumn, al-l ramets were repotted into 4.6 L or 9.2 Lpots containing a hogfuel: sand (14.1) media with fertilizers preincor-porated.
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The stock used in this trial was of generally poor quality" This
was especially true for the white spruce grafts which had just previously
been transplanted from the orchard as vegetative buds were beginning toflush; the western hemlock cuttings had been grown continuously J-n pots
and were severly rootbound. Under this weakened condition the treated
ramets of both species suffered severely from the flower stimulation
treatments (Table 1). An inability r,rith the instrumentation at hand to
adequately monitor and control plant water potential, together with
excessi-ve temperature build ups that from time to time exceeded 35oC
within the pol-yethylene house, further compounded the problem. From
previous studies (Ross et al-. 1981) we know thar the same Gy'; 4/7 foLiar
spray is onl-y very sfigFl-y phytotoxic when applied to healthy western
hemlock.

The surviving western henlock cuttings, however, fl-orvered
profusel-y in response to GA 4/7 * water stress treatment (Table 1).
Treaced ramets averaged 175 potlen cones and 32 seed cones each, as
compared to 2 and 0.5 each, respecti.vely, for controls. Eighty-eight
Percent of Lhe ramets representing 1002 of the clones produced pollen
cones, and the respective percentages for female flowering (797" and,
97%) were similarly high. Although other studies hacl shown that
exogenously applied GA 4/7 will induce precocious female flowering, the
leve1 of male flowering far exceeded anything previously observed for
field-grown or potted stock cultured outdoors (Ross et a1. 19g1, Brix
and Portlock, in prep.). The work of pol-lard (in pt"p.; i"dicates thatthls may be related to the severe water stress and high air temperatures
experi-enced by the potted cuttings within the polyethylene house. There
are also l-ndications from studies on ot,her species that the polyethyl-ene-
house environment is preferentially beneficial for male flowering
(Brondbo L969, Tompsett L978, Luukkanen 1980; Ross unpublished resulrs).

Despite the severe defoliation and shoot dieback, the induced
seed cones are developing normal-ly; they will be harvested in the fall for
determinatlon of total and fiLled seed. Coplous quantities of pollen were
shed, samples of which hrere coll-ected for viabil-ity testing.

In contrast to western hemlock, only a few whj-te spruce grafts
flowered with or without GL 4/7 + water stress treatment (ratre t).
Although spruce as a genus is more recal-cltrant than western hemlock,
the polyethylene-house environment and GA 4/7 applLcations have beenparticularly effective in promoting flowering in Sitka and Norway spruce(Tompsett I978, Luukkanen 1980). There are probably several reasons
why the treatment was ineffectual- in the present trial. Firstly,
treatment was apparently initiated too late ln the season to influence
cone-bud differentiation. secondry, white spruce may be similar to
Douglas fir (Ross, unpublished resul-ts) inthat GA 417 is only marginally
effective when appi-ied as an aqueous foltar spray versus direct injection
into the phloem and xylem as in the other studies on spruce. Finally,
the problem of over stressing of recently transplanted stock has already
been discussed.
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RESEARCH PROGRAM

Research in support of the cont.ainer seed orchard program was
intensified ln 1981. A new tree physiologist was hired. Up to 200 ramets
each of good female and/or male flowering plus-tree clones of we.stern
hemlock (11 clones) and white spruce (20 clones) were propagated and will
provide abundant high quality experimental material for research beginning
in 1982. There are also plans to triple the exi-sting area of polyethylene
houses.

In priorizing research needs, the strategy was adopted that we
first need to better define the biological requirements for early and
contlnued abundant seed production, and then develop more cost-effective
cultural and treatment regimes foroperational use.

Studies initiated in 1981 had the following objectives:

1. Delineate the critical period(s) for influencing seed-,
and pollen-cone differentiation in white spruce;

2. Determine the optimum timing and duration of water
stressLng used in conjunction with GAs;

3' ;il:"1fl";:::l;.i:i'.:n;"il'li:Hfffi;H::":: ;il:i:"-
flowering is better outdoorsg and

4. Determine optimum media and container sizes for the
initial growth-acceleration phase of ramet culture.

Research was also initiated, uslng Douglas fir as the tesE
species, to develop improved GA formulations and more cost-effective
methods for their applieation. In the application of pesticides, improved
target coverage has been achieved with greatly reduced quantities of
expensive chemicals using ultra 1ow volume (ULV) spray equipmentl
pesticidal activity is further enhanced if oil-base instead of aqueous
formulations are used. Preliminary assessment of IILV sp,rays of aqueous
and anti-evaporant oil formulations of GA 4/7 ts presently underway, with
further testing of additional oils scheduled for 1981. Also being
evaluated at the suggestlon of Dr. R.P. Pharis (Univ. of Calgary) is a
dimethyl derivative of GA 4 which, in the dwarf-corn bioassay sysEem, has
been found to be up to l0 times more effective than the GA 4 free acid
we are presently uslng.

Because of their ability to flower profusely at a very young
age in response to GA 3, yellow cedar Gitg.mggS:pgffg nootkat-ensis (D. Don)
Spach) and western red cedar (!Uj_g placata Donn) are ideal candidates
for the container seed orchard. Up to 6 additional ramets of each clone
in yellow cedar orchard No. 37 and red cedar orchard I{o. 39 were propagated
in 1981 and vrill be used Eo establish a direct comparison of outdoor and
polyethylene-housed container orchards vrith soil-based seed orchards. A
separate study was initiated in 1981, uslng field-grown seedlings and
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cutEings, to determine the optimum timing, duration and frequency of GA 3

applications for promotion of female and male fLowering in these species.

Ad<litional key needs t.hat future research will address include:
better methods for monitoring and controJ-1ing water stress, improved
horticultural regimes for growth, flower stimulati-on and cone maturation;
and crown-training regimes that wiil extend t.he ti-me that stock can be
practically managed for cone production in pots, and that wii1 also
increase the proportion of shoots wtth hieh potentials for differentiating
seed and pol1en cones.
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A BREEDING PROGRAM IN COASTAL DOUGLAS FIR
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Tree improvement work in coastal Douglas fir has been taking
place since 1957 with earry emphasis on selection and seed orchard
establishment. Emphasis is now placed on a breeding program where
controlled-pollinated progeny of the original plus tree selections are
being established in field trials. selections will be made in rhe
pedigreed Fl material for the second generation of seed orchards and
information will be generated to guide breeding approaches and to permit
some culling of the first seed production orchards. Since L975, eleven
ne\,/ test sites have been planted annually, bringing the current total to
66. Some preliminary measurements have been made but the present work
stil1 is devoted largely towards crossing and establishing the plantations.

BACKGROIJND

Plus tree selection in a program for improvement in coastal
Douglas fir was started for the British Colurnbia Forest Service in 1957
by Dr. Alan Orr*Ewing and, aided by the forest companies and by the
Uni-verslty of British Columbia, was continued actively until 1966. By
that time a workable breeding population had been assemllled and priorities
for the limited funds had to be directed toward test plantatlon establish-
ment and maintenance.

Selecti-on has continued to fill gaps in the initial coverage and
as the provenance plantations provide more reliable information, this
population is being refined.

The selected trees were grafted for use in the first level seed
orchards. They were also established in a clone bank at Cowichan Lake
Research Station. Thi-s serves as an archi-ve for the artificial preser-
vation of a gene pool and as a breeding arboretum. As cones and pollen
have been produced there and in the seed orchards, a breeding program has
been developed.

Although the background of the breeding program has been given
in previous blennial reports, an outline is repeated here so that the
current work can be seen in perspective.
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RECURREM SELECTION PROC]RAI{

First priority has been g5-ven tc a recurrent selecLion proElram

in a population of selected trees from Coe,stal- British Colurnbia and

Northern llashington. Eventually about 350 trees will be lnvotrved and the
project is designed to provide rnaterial and information from rohich future,
reconstituted seed orchar<ls may be <ievei-oped" Its chief impact will be on

the lower to middle elevation zones. 0-600 m.

(a)

The objectives are:

the production of progenies by crossing between selected plus trees
and their establishment in test plantations for seconci generation
selectlon,

(b) the estimation of genetic parameters to guide future breeding
decisions,

(c) The study of the occurrence and importa.nce of genofype-by-environment
inte.ractions so that the populations may be grouped effectively,

(d) The testing of the parents to permit some culling of the first seed
orchards through a ranking of general combining abi'lity.

Although reciprocal effects are being ignorecl at present' some

information will- be generated on reciproeal effects by the inclusion of
reciprocal combinations where available.

A disconnectedo nrodified diallel mating design is being used and

five crosses per parenr are expected to provide adequate information and

yet represent a feasible project. Each cross is represented in the field
tests by almost 200 seedl-ingsu and the sires are being distributed to
sample the range of coastal environments from 0-600 m elevation.

Each modified dial1el comprises six parent trees taken,
theoretically, at random from the total population. The allocation of
parents as male or female components in the diallel. depends on the
availabi-e numbers of reproductive buds. Thus, a completed modified
diallel contains 15 crosses. Groups of 5-10 of these diallels are being
planted annually, but 10 percent of the crosses are sown in the following
year to provide a brl-dge between years of pl.anting.

Crossing for this program was started in L974, with the first
plantations planEed in fal-l, 1975. The project has conEinued Uo expand
annually as suitable cl-ones came inLo flower production. One of the
advantages of the disconnected modified diall-el is that fail-ure of crosses
w111 affect only that individual unit, and balanced planting designs can
be stipulated. Incomplete groups can be held and completed in another
year.

The stock is grown as long-season, styro-B plugs. These are
sornrn in the greenhouse in early spri-ng, ready for ptr-anting in the fa1 I or
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following sprlng. The fteld design comprises four replicatlons of four-
tree row plots. All crosses are planted on ttre eleven test sites, which
are wldely distributed to provlde lnformatlon on genotype-by-environment
lnteractions. The test sites are selected from the available logging and
rehabllltation sites. The most important criteria are homogeneity and
distribution with respect to biogeoclimatic subzones where Douglas fir is
the pri.me spec.ies.

As with any single breeding approach, Ehe diallel project has
both strong and weak features but it does meet the stated objectives of
providing in a single program both inforuration and material for future
breeding.

By using full-sib families, the breeder can control the levels
of inbreeding within the successive breeding and seed-producing popula-
tions. Levels of inbreeding in the initial population are not known but
can be examined using isoenzyme technlques, but subsequent changes can be
controlled by the breeder. The disconnected modified diallel groupings
have the advantage of permitting the accumulation of balanced entries for
fleld testing.

On the other hand, the scale of the project, in which five
crosses must be made and planted to evaluate each parent, and the reduced
precision of estimating general combining ability by the diallel groupings,
can be seen as weaknesses. These will be most lmportant if parental
evaluation and orchard culling are given high priority, but uncler the
present British Columbia situation, urith mixed wind-pollinated seedling
and clonal orchards, the priority has to be given to selection of new
material for the replacement orchards. Lack of uniformity of sites which
reach almost 3.5 hectares, relatively small numbers of seedlings per
farnily on any site and the confounding of sites and years are related to
the scale of the program and represent possible, but acknowledged, weak-
nesses.

The strength of the program lies in there now being over 200,000
seedlings of knor^rn parental origin scattered widely across the coastal
area. These progenies result from rigid mating and planting designs and
precJ-se information on the population will soon be available.

From this brief outline it will be seen that this is an
extensive program and that during the earl-y stages major efforLs have to
be devoted to producing the cross-pollinated families and establishing
the test sites. Achlevement is measured in terms of area planted, parent
trees brought into the testing program and crosses made. l'Ieeding and
general site maintenance are essential and with 77 tesE si-tes already in
the field, this function assumes major proportions.

Two more seasons of controlled pollination have been carried out
sj.nce the last report and this has brought a totaL of 3L2 parents into the
plantation phases. A total of 66 test sites, each of about 3.5 ha, have
been planted. A further 11 sites are being laid out currently to receive
the stock now growing at the Cowichan Lake Research Station. As the
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provisional objective of 350 parent trees within the program is approached,
fewer parents are available for crossing each year: and with a poor croP
year in 1980, a small expansion of this program resulr.ed. Progress to
date is surmarised in Table 1.

TabLe I

Series

I
II
III
IV
\I

VI
VII
TOTALS

Progress in E

Sowing Year

r97 5
r97 6
797 7
L918
L97 9
1980
l$$l **:t

Crosses
Planted

*

777
99

l-65
lto
153
140

55

t*

.P. 708 - A Breeding Prcgram in

Parents Modified Dial le1
groups

Coast a1 Doug.L:is f ir

60
30
54
54
48
/+B

L('

;JLL

10
5

Y

9

8

8

52

TesI
Sites

l1
11
l1
l-l
11
11
11

l7

* Includes l0% overlap crosses and reciprocal samples.
)tt{)t Crosses now in greenhouse at Cowichan for planting I98l-82

To permit interpretati.on of GH effects, a start was made in 1980
to collect ecological information on the test sites. Mr:st of the work to
date has been based nn mapping undisturbed land before logging, but the
exaniination oF the test sites will include sarnples frorn disturbed sites
a1so. The work of the first year v/as largely exploratory and seventeen
sites were examined. A report is being prepared.

The moist summer of 1980 gave exceptionally good survival and
growth but browsing by grouse, deer, rabbits and stem chewing by voles
still present serious problems. Fencing would bring only partial protect-
ion and some trials using open-ended milk cartons to prote-ct terminal buds
and current growth are showing promise.

With such a long term project there is a t-endency to measure the
plots as soon as they are established but while general inferences may be

possibl-e, no action can be taken on the data and it r^riIl not be until the
l0-year data are collected that useful interpretation can be expected. If
priorities permit, measurements will be taken in the fifth or sixth years
after planting to provide preliminary i"nformation.

Maintenance and measurements have been conti-nued on the wide
interracial crosses planted by Dr. Orr-Ersing but generalizations are not
easy. It is clear, however, that crosses between parents from coastal
British Columbia and those from coastal iocations in Washington, tJregon
and California can produce vigorous stock for B.C. coastal conditions.
These plantations also present a means of invesLigating juvenile-mature
correlations.
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TREE IMPB.OVE}MM

cooperatives, tree breeding, pt:ovenance,
orchards.

ROLES WITHIN TTIE MINISTRY OF FORESTS

The genetic improvement of forests can be considered in two
mai-n phases: (1) the scientific production and testing of geneti-cally-
improved breeds; (2) the mass repllcation of tested breeds in production
seed orchards on a scale commensurate with operational goa1s. British
Columbia is unusual inasmuch as the responsibility for these two phases
resides, largely through historical development than design, in sections
of two different branches of the Ministry of Forests vLz., the Research
and the Silviculture Branches respectively. Each phase has its own
Program l{anager and budget, although integration is achieved through
daily working contact€,, as well as through more formal means such as
technical committees, councils, etc. This report is concerned primarily
with summarizing recent developments affecting tree improvement in
British Columbia and, particularly, progress within the Tree Improvement
Section of the Research Branch.

ENABLING LEGISLATION AND THE DEVELOPMENT OF COOPERATIVES

During the period I979-8L, Bri,tish Coiumbia vritnessed develop-
ments of major consequence for tree improvement, seed orchards and
associated research. These were enabled by Provincial legislation, the
Forest Act (1978) which, among many innovations, fosters a cooperative
Ministry/Industry approach to solving timber supply problems. In
particular, it provides for funding through credits against stumpage, and
cut-incentives for intensive forestry programs developed within the
context of a rolling Five Year Forest and Range Program plan. Tree
improvement cooperatives., incorporating senior personnel from the
Ministry and major licencees, have been formed; the Coast Tree Improve-
ment Council (C.T.I.C.) in 1979 (M. Crornm L979); the Interior Tree
Improvement Council (I.T.I.C.) in f98f. Working rhrough technical
plannj-ng committeeso comprising tree breeders and forest managers from
all sectors, these councils have provisionally identified a need for a
total of 316 ha of cooperatively-rnanaged seed orchards of ten coniferous
species. The orchards are to yield sufficient seed for the nursery
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production of 120 rnillion seedlings annually by 1994. Genetic improve-
ment is an integral part of the overall program. It is against this
background that the following enrrneration of program highlights, services
and resources is presented. Reports detailing individual programs have
also been prepared for these proceedings by J.C. Heaman, I. Karlsson, G.
Kiss, M. Meagher, C. Ying and J.E. Webber.

PROGRAMS

Components of the role assigned to the Tree Improvement
Section include:

Prodrrcing and testing genetically-improved breeds of those
species named in the cooperative programs; estimating genetically-
based j-ncreases in wood yields to guide future breeding
strategies and to provide a basis for the allocation of cut-
incentives to industrial cooperators in the program;

Conducting research on problems associated wi-th seed orchards,
breed production and the genetics of species in the program;

Propagation for all breeding arboreta, coastal seed orchards
and clone banks;

Establishing and maintaining master clone banks and gene
archives;
Establishing work criteria, monitori-ng and adjudicating cost
claims from the private sector for tree-improvement work done on
approved programs;

Developing and maintaining research stations at Cowichan, Vernon,
Red Rock and Saanich to facilitate the above and other forest
research, meetings, training sessions and public information.

In responding to this mandate, highlights of the past two years

Completion of the Vernon Research Station and Seed Orchard
facility, comprising offices, physiology labs, pollen extraction
and cold-storage facilities, greenhouses, lathhouse and service
areas located on some 60 ha; Vernon is to be the centre for tree
improvement, seed orchard management and associated research in
the southern Interior;
Completion of a propagation facility at Cowichan Lake, comprising
five large greenhouses, rooting house arrd service buildings;
expansion of adjacent nursery and clone bank areasl
Production at Cowichan, in the first year of operation, of
33,000 grafts and 60,000 rooted cuttings, with 100,000 rootstock
under cultivation for future needs;

Completion of planned matings and planting j-n the coastal Douglas
fir recurrent selection progr€rm, bringing to 66 the total number
of 3.5 ha progeny tests now established; planting of two series
of o.p. progeny tests of western hemlock at eight locations each;

1.

')

4.

1.

3.

4.
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continuation o1= parent tree selection and propagation in tremlock,
true firs, lodgepole pine, Sitka and the interior spruces;

Mrrlntenilnce and assessmcnt of ali- I)rogcny tests, ;ls scltc:dtllr.'d, ;ttttl
ldent I Iicatlou of clones fclr the consti tut-ion ol- tlrrec l]i-gen{'r-
ation orchards of interior spruce. Completion of selection and
propagation for: the establishment of four first-generation
orchards of lodgepole pine;

Maintenance and scheduled assessment of provenance experiments
with Sitka spruce, white spruce, Douglas fir and lodgepole pine;
establishment of new trials with amabilis fir and grand fir at
six locations; preparation of ten test sj-tes to receive noble
fir trials in autumn, 1981. The assessment of 780 wind-pollinated
families of lodgepoie pine is providing indications of genetical-
ly-based susceptibility to gall and stem rusts and terminal
weevil in that soecies.

It is pertinent to record
progeny and provenance tests
more that 800,000 trees;
Clearing, cultivation, fencing and establishment of master clone
banks continued at Cowichan Lake, Vancouver Island, and Barnes
Creek, some 60 km from Vernon;

Participation by tree improvement staff in the development of
cooperatives - including such activities as definition of work
criteria for cost claj-ms; participation in seed orchard managememt
committees; training workshops for parent-tree selectionr scion
collecti-on and propagation;

Technical advice and participation by tre:e impr:ovement staff in a

27 minute film on tree imDrovement.

STAFF

Staff, including the Program Manager and Technical Advisor,
Dr. Francis Yeh, now totals B professionals. The provenanqe program, for
tv/o years somewhat neglected through transfer of the writer to the ro-le
of Program Manager, was recentJ-y taken over by Dr. Cheng Ylng, in Lurn
vacating the position of lodgepole pine breeder - as yet unfilled. Barry
Jaquish came to the Section recently from the University of Alberta. He
will work with Gyula Kiss at Vernon, specifi-ca1ly addressing himself to
progeny testing in white and Engelmann spruce.

In addition, physiological research on flower induction and
enhancement, accelerated growth, pol1en processing and management and
other topics in support of the overall program is being conducted by
staff of the Branchrs Tree Physiology Section, notatrly Dr. Joe Webber,
now joined by Dr. Steve Ross who was, until recently, rdith Weyerhaeuser
Co . at Centralia, Inlashington.

During the past six months all breeding programs benefjtted
enormously from the critical guidance of Dr. C.J.A. Shelbour:ne, on leave

5.

6.

that the total area under arboreta'
now totals some 775 ha containing

7.

a

a
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of absence from the Forest Research Insti-tute, Rotorua, l{ew ZeaLand.
Tony's assignment included a review of the entire breeding and genetics
program, especially in coastal Douglas fir, and its inLeraction with the
seed orchard program. The coastal programs are also under review by a
technical subcommittee (of the C.T.I.C.) on breeding strategies, a group
comprising tree geneticists and breeders from al-l sectors - public'
private and academic (U.B.C.).

REFERENCE

Crown, M., 1980. The Coastal Tree Improvement Council (C.T.I.C.) seed
orchard program (L979) in British Columbia. In Proc. lTth Mtg.
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Research projects at the Stati-on include supplemental pollina-
tion in the Douglas fir clonebanks; development of compatible rootstocks
in Douglas fir (Pseudotsuga menziesii (Mirb.) Franco) and rooting of cut-
ti-ngs in yellow cedar (Chamaecyparie nootkatensis (n. non) Spach)

SUPPLEMENTAL POLLIIIATION IN DOUGU.S FIR (U.P. 780_07)

In the spring of 1980, a study to determine the effects of
supplemental pollination ("boosting") in Douglas fir was carried out on 20
trees in a 15 year o1d plantation at Cowichan T-ake Research Station.
Earlier experiments suggested that supplemenfal pollination could reduce
seed yield by increasing cone abortion. This effect was greatest if po1li-
nation was carried out in cloudv or wet weather.

Flower development was monitored closely and weather conditions
recorded. It was planned to restrict pollen application as far as possible
to extreme weather conditions, both wet and dry. However, since there were
insufficient rainy days during the pollination period, some trees were
boosted in early morning while the relative humidity was still high.

Unfortunately, a heavy infestatlon of cone insects made meaning-
ful seed counts for the different treatments irnpossible. I{owever, Table I
shows the mean percentage figures for frequencies of cone abortion for the
Ewo relative humidity groups.

Table 1. Effect of Relative Humidity on Cone Abortion (percent)

Relative Humidity at time of boosting
20-50% 50-1002

Boosted
Control

B

8
38
27
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There is a close relationship between relative humidity at the
tj-me of boosting and cone abortion. This was even more p.ronounced when it
was raining at the time of application.

Generally, it appears that to minimize cone abortion, supplement-
al pollination should be done only during dry and warm conditions and
should not start until the relative humidity is below 502

COMPATIBILITY TESTING OF DOULGAS FIR ROOTSTOCKS (E.P. 648.02)

Rootstock of 42 di.fferent ori-gins, mostly from cr:osses between
clones showing high graft compatibility, were grafted in 1979 with tesler
clones. These graft unions were cut off in February 1981 and are now
being sectioned and assessed for compatibility using the micro-technique
method (Copes L967).

The results from this screening technique will be integrated
with observations of transplanting shock, flushing time, vigor, and height
growth of the scions during the first two growing seasons, to identify the
best crosses for use as rooLstocks for production grafting.

Seedlings from the same 42 families were planted in the field in
L979 for long term observation. These seedlings were grafted in March
1981. This study will compare the early tests for delayed incompatibility
with later field performance. 41so, it will provide guidance for selection
of parents for rootstock production and provide rnaterial for establishing
selected rootstock genotypes by rooted cuttj-ngs.

EFFECT OF UNDERSTOCK ON VIGOR AND CONE PRODUCTION IN GMFTED DOUGLAS FIR
(8.P.648.10)

In 1978, controlled crosses were made in a complete diallel
design, omitting selfs, between six Douglas fir clones of high graft
compatibility" The objectives of this study are:

(a) to gain information on the influence of rootstock vigor
on graft compatibility and on growth performance of the
grafts, and

(b) to determine if flowering patterns of the rootstocks
influence the flowering of the grafts.

Twenty seedlings from each of the 30 cross combinations were
planted on a field site aL Skutz Fa1l.s, near l.ake Cowichan in the fal1 of
1980. These crosses will be assessed for growth and florqer production.

Another 25 seedlings from each cross were potted and grafted in
the greenhouse in March 1981. Five plus tree clones: 2 "heavy" cone
producers, I ttintermediatett cone producer and 2 ttnon-producerstt, are being
used as testers. These grafts will be planted in the field after two
years and differences in compatibility, growth rate and cone production
will be studied.
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IIEDGINC ORCHARD OF YELLOW CEDAR (E.P. 71l0.03)

Thc hedged bank of yellow cedar frorn a variety of lrigh elevation
sources, whicit was cstablished at the Cowichan Lake Research Station to
provide matc'rlal for the large scale production of rooted cuttings, \^/as
described in the previous report. The seedlings, which are planted i,n
rows 3.75 m apart, 90 cm between seedJ-ings, have now reached productive
size.

Practical trials in 1980 with a few thousand cuttings using
Spencer-Lemaire containers rooted with over B0Z success. The use of
Spencer-Lemaire containers has the advantage that the cuttings can be
planted directly from the container to the fie1d, without unnecessary
disturbance of the delicate root systems.

Following this successo some 75r000 cuttings were clipped from
the hedging orchard in January 1981 and set in Spencer-Lemaire containers
in greenhouses. The resulting stock will be planted under production
conditions in fa1l 198f. In some of these plantations family identity
will be maintained and survival and growth plots established.

Copes, D.L. L967. A simple
year-old Grafts of
Note PNW-70. B p.
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The objective of this project is to produce genetically-improved
seed of white and Engelmann spruce (Picea glauca (Moench) Voss, P.
engelmannii Parry).

The followi-ng progress has been made in the program since my

last report (riss 1978a):

OPEN-POLLINATED PROGENY TRIALS

Six-year (9 years from seed) height measurements \i/ere carried
out at a1l the open-pollinated progeny test sites. Analysis of the data
indicated that a gain of LO-L57" in height grovith can be attained by
establishing the top 257" of the original parents in clonal. seed orchards.
While 6-year results are by no means conclusive, they will be used as
guidelines in establishing "one-and-a-ha1f" generation orchards. By the
time these orchards reach production age (estimated f0-15 years) further
data from the progeny tests should permit more reliable estimates of gain
and provide a basis for more rigorous cu-l.ling.

The data also indicate that the more-vigorous families survive
better than slower-growj-ng ones, a difference which is especially striking
in the presence of competing vegetation.

Another result, not directly related to tree breeding, was that
progenies survived, grew and expressed differences better on well-prepared
sites than on poorly-prepared ones. For example, in 1978, the average
seedling height at the well-prepared Reci Rock plantation (Kiss 1975) was
LO4.6 cm, while the average height at the unprepared Quesnel- site was
72.9 cm. This represented over 437" difference in height growth alone.
Survival was 982 at Red Rock and onLy 867" at Quesnel. Similar results
are found on test sites of other selection units.
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BREEDING ARBORETIIM

The Vernon Breeding Arboretum (Kiss 1978 b) is near completion.
Strobili production on established ramets increased steadily (Kiss l9l7b,
1978b, L979) until l98l when production suffered a dr:op. Probably, this
could be attributed to the cold, wet surtrner in 1980, coupled with heavy
irri-gation. This year we intend to stress some ramets by reduci-ng
irrigation, the objective being to increase strobili yield in L982.

The drip irrigation used at Vernon utilizes treated municipal
effluent. It has been applied for the last two suflrmers without delete-
rious effects.

The Trinity Creek Breeding Arboretum (fiss L978a) had to be
abandoned due to drought problems resulting from 1ow precipitation and
shallow soi1. It has been replaced by a nernT clone bank at Barnes Creek,
6O km north-east of Vernon.

NOTES OF INTEREST

Grafting

To establish a Picetum at the Vernon site, various species of
Picea have been grafted otttc, Sritish Columbia white spruce rootstock. To
date, little incompatibility has been found. For further information,
contact this writer.

Albinism

To date, three of the 181 selected trees from the Prince George
selection unit have been identified as carriers of albino genes. This
trait appears to be controlled by a single gene with at least two alleles.
One of the alleles is recessive and undetectable in heterozygous condition"
The other allele appears more like a co-dominant as it can be identified
in the heterozygous condition by examining the needles. The tips of the
needles, when exposed to direct sunlight, turn golden yellow. Thi-s gives
the appearance of a ttgolden-hue" to the branches. Both alleles are lethal
in the homozygous condition.

The trait deserves further investigation as two of the carriers
are included in the open-pollinated progeny trials and scor:e higtr in
overall ranking (5th and 48th out ot L74).
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Cooperative tree improvement in B.C. is a recent development
involving the Ministry of Forests and rrumerous forest companies.
A coastal cooperative has been active sj-nce Ig7g, an interior coopera-
tive is currently being established. The workload is shared and costsincurred by the companies are re-imbursed through credit to stumpage
accounts as per section 88 of the Forest Act" This paper describes
the role of the Silviculture Branch in these cooperatives and reviewsrecent Branch accomplishments, both collectively and by three adminis_
trative regions,

STRUCTIJRE AND ROLE OF THE SILVICULTURE BMNCH, MINISTRY OF FORESTS

Each cooperative is headed by a council, consisting of upper
management staff, which is r:esponsible for making recommendations
to the provincial chief Forester regarding program objectives, strate-gies, agency involvement, allocation of workload and research needs.
At the planning 1eve1 Technlcal planning committees (Tpcrs) review
seed orchard working plans and other associated tree improvement projects
and input technically to the Councils. One committee no!r' exists for
the Coast; two will be formed in the interior (a southern and centralTPC). A coordinator is assigned to each TPC and is primarily responsible
for the administration of projects, revierv of the technical aspects
of the program and the adjudicatj-on of industrial cost claims. Coordina-
tors also serve as secretaries to Council.

The Silviculture Branch pla,ys an active role wi_thin thisstructure. Administratively, the Branch Director and Manager of the
seed Production sit on both councils. The coordinator positions
are filled bv Branch personnel. The Branch is also responsible for
the management of all cooperative orchards assigned to the Ministry.
Three project foresters provide technical direction, conduct trials,prepare orchard working plans and develop orchard management prescrip-
tions" Technical staff provide direct supervision of orchard managemenr
operati-ons and manage specific orcharcls. A planning officer and orchardpest management officer complete the staffi-ng picture. rn all, nine
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professional and eight technical positions within the Branch participate
directly in cooperative tree improvement"

ACCOMPLISTIMENTS

Several accompllshments involving group staff efforts can
be highllghted. These include:

1. Formulation of an interim Seed Orchard Planning Zone Map based
on input from ecologists and forest geneticists (Figure l);

2. Preliminary planning for the interior cooperative program - review
of species needs and priorities, identification of seed orchard
opportunities and estimation of funding requirements;

3" Input into a recently eompleted tree improvement film entitled,
ttSeeds For Tomorrowt! ;

4" Input into a technical audit entitled, "Review of Practises Relating
to the Treatment of Seed Orchard Seed and Seedlings";

5. Completion of a parent tree selection guideline and revision
of the field form to reflect cooperative needs;

6" Revision of ramex/seedling seed yield data for seed orchard planning.

COAST HIGHLIGHTS

The Silviculture Branch is presently responsible for the
management of four Douglas-flr orchards covering 23.6 ha on the coast.
Management highlights include:

1. The harvest of 81,6 and 14.3 kg of seed Ln L979 and 1980 respec-
tively (sufficient for 7"25 million plantable seedlings);

2. The successful induction of early and profuse flowering through
root pruning;

3. The control of seed insects with the insecticide dimethoate;
4. The operational application of booster pollen by hand and helicoPter;
5. The collection of baseline soil moisture and nutrient data to

aid future management.

Several trials were implemented to promote better orchard
management, These include screening of various insecticides, evaluations
of short and long term effects of root pruning, and studies of flower
abortion rates. Further orchard management studies in nutrient statust
soil moisture, cone induction, pollination and insect control are
currently being developed.

Individual orchards uere also expanded or reconstituted
as per TPC reconmendations. Site preparation work continued for an
additionaL 25,4 ha of new cooperative orchards to be managed by the
Ministry.

Administratively, the development of cooperative procedures
and policies is noteworthy, An annual events schedule, breedi.ng strategy
review sub-committee, standards and procedures of work performance,
detailed financial arrangements and composite working plan formats
are now in place.
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SOUTHERN INTERIOR HIGHLIGHTS

The purchase of 60 ha near Vernon i,n 1979 marked an important
etep for the sorrthern interi-or orchard program, This property has
subsequently been sit.e prepared and fenced arrd will, along with the
Skirnlkin Forest Reserve (near Salmon Arm) " contain al-l cooperative
orchards managed by the Ministry in this region.

Orchard establishment operations, ini.tiated in L979, progressed
quickly, Six young interior spruce orchards totalling 17.6 ha have
been planted at Skimikin. A small \^Testern white pine seed production
plantation was also established from a genetically rust resistant
strain obtained from the USDA, Idaho. At Vernon, two interior spruce
orchards totalling 4,2 ha were recently planted. A total of L6 orchards
spanning 51 ha are planned for establishment on these lwo sites.
Interior spruce will form the main species component"

Management within these young orchards consisted primarily
of additional cultivation, establ-ishment of cover crops and growing
stock maintenance (pruning, weedi-ng, fertilizing). Trickle irrigation
systems were also installed. A sma1l seed crop totalling 90 g was
harvested in 1980 from four of the orchards at Skimikin.

Several trials have been implemented and include:

A preliminary evaluation of booster pollination and monitoring
of foreign pollen;

1.

2.

3"
4.

A comparison of various weed control metirods -
manual;
Monitoring and control of spruce cone rust and
Determinatlon of the effects of ferti-l-j-zers on
flowering;
Studies of the effects of Accelerated 0ptimum
and ramet spacing on floweri-ng"

herbicides, mulches,

insects;
stock vigour and

Growth, root pruning,

In addition a detailed soil survey has been completed at
Skirnikin, the results of which have been included in draft orchard
worklng p1ans.

Parent tree selection/col-lection activities also comprised
an important portion of the work. To date over 1300 interior spruce
have been selected in the southern interior. In anticipation of an
expanded selection effort, two workshclps were conducted to review
procedures. A commensurate grafting program of approximately 12r000
grafts/year continued at Skirnikin,

CENTRAL INTERIOR HIGHLIGHTS

Seed orchard activities in the central- interior are presenLly
conflned to the Red Rock Forest Reserve (near Prince George). The
Silviculture Branch manages four J-odgepole pine orchards spanning
14.8 ha, the most recent of which was established in 1979, and mainLains
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over 75 ha of tree improvement plantations" Recent planning indicates
that all pine orchards will require expansion to meet seed needs,

Highllghts lnclude orchard working plan prepar:ation, additional
site cultivation, establishment of cover crops and application of
28 lltres of booster po1len (collected over the past two years from
natural stands and an adjacent provenance trial). Soil and nutrient
analyses were also completed. A fertlLizer tr:Lal in one orchard demon-
strated increased tree vigour, cone size, seed production and seed
viability. The significant incidence of insect and disease problems,
espeeially in lodgepole pine, also prompted intensified pest moni-toring
and control actions.

To date over 1500 interior spruce parent trees have been
selected ln the central j-nEerior. A collectable cone crop i-n 1979
enabled the harvest of open-pollinated seed from over 900 parent trees
for progeny testing" Helicopters have been used extensively for this
work and a safety plan to he1-p ensure safe work practises was accepted
by the Workerst Compensation Board"
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The program began April L, L977. It entails screening of many
parent (plus) trees per seed zone for GCA via open-pollinated progeny
tests. Population studies may supplement those tests to define seed
zones better and increase breeding options. A nunber of support studies
are planned or underway to develop techniques and to assist in interpre-
tation and application of results when the progeny tests are evaluated,
perhaps at 15 years.

Ttee selection, seed and scion collection have all continued and
accelerated due to the commencement of the B.C. Government - Industry
Cooperative tree-improvement program (Crown, 1980). To date, l07B trees,
including 26 obtaLned from U.S. cooperators, have been selected. Ilost are
propagated clonally by gtafting or rooting, or both, for seed orchards and
clone banks. A11 trees were selected to targets set by arbitrary seed-
orchard planning zones and elevation bands. Most selections were made
from the ground, but some inaccessible areas were sampled from a heli-
copter. A good 1979 seed crop yielded L62 useable seed collections; no
crop developed in 1980, but prospects for 1981 appear favourable.

A second series of open-pollinated progeny tests was established
for the !ilest Vancouver Island Zone (Seed. Zone 1010) and the third has been
sown to test trees from the Johnstone Straits zone (Seed Zones 1020 north
and 1040 north). Survival of the first test series averaged 8B%, and
ranged from 78% to 98% after 1 year in the field.

Data from the Canadian Forestry Service population test and from
progeny tests established by Tahsis Co. ruere useful in drawing up clonal
lists for 3 of the 7 seed orchards approved by the Tree-Improvement
Cooperative. All seed orchard clonal lists were checked to determine
suitability to the Co-op standards, and revised where necessary.

Support studies continued, with expansion to a complete 13-
parent diallel among convenient study trees being attempted. Pollen has
been collected from the disjunct, "Interior" portion of the speciesl
range, and some has been received from Tsuga canadensis from Ontario. A

small quantity of T. tchekiangensis Hous, has been received from China and
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wt1l be used to test the crossabl-lity of Ehat species witlr T. heterophylla.

Forintek Canada, Vancouver, has conducted a study of the
importance of tree size and stem form on the potentlal lumber-recovery
value in order to set impartial standards for hemlock parent-tree selec=
tion. Forintek Canada continues to determine wood specifi.c gravity for
all possible parents to facilitate selection of parents for seed orchards
and to establish a data base for correlations from progeny tests.

Cone-induction research using potted propagules was begun by
the Minj.stryts Research Branch to expand on and refine techniques develop-
ed by the Canadian Forestry Service and trleyerhaeuser Co. (Ross et al.
1981). Results to date are very encouraging.
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The rapid establishmenL of Tree Improvement and Seed Orchard
programmes in British Columbia is accelerating the need for developing and

implementing physiology research results. Pri-orities have been established
and two areas of research are being emphasized:

1) Pollen Management

Factors affecting harvesting, storage and reapplication of
pollen are being considered. Pollination mechanisms, pollen
flow, and resultant seed yields are being investigated to improve
seed production and genetic value of seed orchard crops.

2) Cone Enhancement and Early Maturity
Cultural treatments knoum to affect coning response and

their possible application for seed orchard management are being
rested. In parricular, gibberellin (c/A 4/7), fertilizer
(Ca(NOq)e) and root pruning treatments are being examined for
possible'application to increase production by young seed orchard
stock.

A second approach being investigated is the reduction of the
non-coning, juverrile phase. Growth acceleration of germinants
rapidly increases size, anC +may also accelerate sexual development'

Much of this research has been limited to Douglas fir (Pseudo-

tsuga menziesii (Mirb.) Franco) but programmes involving white spruce

Ipi"""@-fuoench) Voss) and lodgepole pine (Pinus contorta Dougl.)
are Ueing developed also. A brief summary of this research and current
experiments is given below.

POLLEN STOMGB AND VIABILITY TESTING

Maintaining pol1en viability over its storage period is an

integral part of all breeding and seed orchard programs. Because yearly
production of pollen is not reliable, access to viable stored pollen can
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facilitate yearly mating schemes anci improve production and genetic value
of seed from young orchards.

Freeze-drying rechniques (Cning and Ching, 1964) adapred for
Douglas fir po1len have been tested and can successfully maintai-n pollen
fertility for at least four years, and perhaps longer. Two series testing
three- and four-year old Douglas fir pol1en confirm storage condiEions:
pollen dried to between two and six percent moisture content and stored at
reduced temperatures (-26oC) in evacuated containers produces the highest
filled-seed yield using controlled pollination techniques.

Series-one po11en was stored in flame-sealed ampules whereas
Series-two pol1en was stored in re-useable serum via1s. No real difference
in filled-seed set was observed for container type. However, po11en from
evacuated' vacuum-sealed containers consistently produced better filled-
seed yields than pollen from non-evacuated, airtight containers (63% versus
467" incteases respectively over filled-seed yields from pollen stored in
control containers).

Pollen viability tests involving adenosine triphosphate (ATP)
analysis, conductivity measurements, gerrnination assays, (ching et al.
L975, Ching and Ching 1976) and tetrazolium stains have not corrETrEEd to
field "fertility" tests (controlled pollination). Although these tests
are useful for distinguishing live from dead pollen they can not be used to
predict potential filled-seed yield. work is continuing wirh other
viability assays such as measuring respi-ration rates (Binder and Ballan-
tyne L975) in an effort to better understand the effect of pollen viabilitv
on pollination, fertiLization and seed yields.

SUPPLEMENTAL POLLINATION

Improving seed production and geneti-c value in Douglas fir seed
orchards is possible by application of pollen to receptive strobili.
However, results are largely dependent on time and method of application,
and natural pollen supply.

To determine optimum receptivity of Douglas flr seed cones
(measured as filled-seed yield), "boosting" was done at five dates as
determi.ned by the number of days beyond bud burst. No significant drop in
filled-seed yield was observed up to six days after bud burst but the
eighth day treatnent \,/as significantly 1ower. These results confirm that
boosting should be done as earl-y as possible to avoid competition from
foreign, contaminating pol1en and certainly within six days to realize
maximum seed yields.

Application technique also affects resulEs. tland boosting allows
greatest control and yields higirest results but is labour j-ntensive.
Applying pollen from a helicopter is efficient but has yet to show a
significant increase in seed yield over unboosted controls. The rnajor
problern with helicopLer boosting is getting enough pollen to the receptive
cones.



A thlrd technlque was developed to increase efficiency over
hand boosting but also control the amount of pollen each tree received. A

conical rnist blower was built with a front and rear diameter of 1.22 m and
0.66 m, respectively, and a length of 1.83 m. An air stream moving from
the face at about 20 kmph \i/as created by a 0.61 m axial fan blade operating
at approximately 1400 rprn. Pollen was forced into the air strean under
40 psi pressure. Ttre cone was mounted on a trailer and pulled by a tractor.
Significant increases in seed yields were observed and the results compared
favourably to hand boosting.

Development of operational boosting techniques will continue in
an effort to maximize seed orchard production and improve genetic va1ue.
Our next important question to answer is: what degree of contamination are
we facing and can it be reduced by boosting?

CONE ENHANCEMENT

Factors involved in the natural production of male and female
strobili are not fu1ly known. However, numerous research trial-s have shown

that flower production can be affected by moi-sture stress' fettiLizer
appllcation, hormone treatment and a variety of cultural techniques (root
pruning, girdling, etc.)

To test the effect of hormone application on flower production
by ll-year old half-sib Douglas fir seedling in a seed orchard, a solution
of gibberellin 4/7 was fed t'intravenously" through cut branch stubs on the
third whorl. Thls test was superimposed on three levels of Ca(NO3)2.
Within each block, treated trees were stratified as trees with a previous
history of flowering and those without. Half of these trees were treated
with gibberellin and the other half served as controls.

Gibberellin treatment resulted in an average three-fold increase
in female strobilus production. No effect on male production was observed.
Although calcium nitrate (225 and 450 kg/ha) increased seed cone productior;
the difference was not significant. In terms of overall production, trees
wlth a previous history of flowering produced approximaEely three times
more flowers than those trees without a history of flowering. For both
classes of tree, gibberellin treatment resulted in an approximate three
fold increase in coning.

Foliar spray treatments of GA 417 restLted in significant, 5-
fold seed cone increases in 8-year old Douglas fir seedlings. The effect
was not uniform, with largest increases observed on trees which had
flowered previously.

In both trials, seed derived from trees induced to flower by
GA treatments showed no significant differences in either filled-seed
yileds, seed germination or early growth performance.

This work is continuing to better understand factors involved
in coning response. Dr. Steve Ross, formerly with Weyerhaeuser, has now
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joined our staff and will provide valuable experience in eone enhance-
crent /induction re search.

EARLY }TATURATION (ACCELERATED GROWTH)

Trials at Michigan State University indicate that accelerating
the growth of spruce seedlings under 24 h photoperiod and 20o C may incluce
slgnlficant coning response within four years from seed (young and
Hanover 1976).

To test this approach, seed from white spruce parent trees was germinated
and subjected to growth acceleration. After eight months, seedling height
averaged 23.6 em compared to 2.5 cm for controls. The accelerated seed-
lings and thej-r corresponding controls are planted at two sites (Vernon
and Saanich). These plants have now completed their third year of growth
and Lhe effect of both growth acceleration on the seedlings and site on
growth and early maturation (coning response) r,rill be monitored yearly.

A similar trial with lodgepole pine is now completing its
accelerated growth stage and will assess response at several climatically
dlfferent sites, plus compare the growth and coning response of grafts.
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Lodgepole pine occupies nearly 39 percent of the productive forest
land and accounts fot 32 percent of the mature timber volume in the
j.nterior region of British Colurnbia. An increasing annual harvest is now

approaching 15 million M3, next only to spruce. Over ll million seedlings
were planted in Lglg, and it is estimated that annual planting will
increase to over 40 rnillion in the next decade. The importance of
planting genetically-improved seed is, therefore, self-evident.

Although some northern parental selections were grafted and estab-
lished in clone banks in the early part of the decade (see below) ' genetic
improvement in lodgepole pine was started forrnally in 1975 (Wheeler 1918,
19-80). Considerable progress has been made. This report presents a brief
summary of progress on parent tree selection, breeding orchard establish-
ment and information on flowering.

PARNT TREES AND BREEDING ORCHARDS

The original plan delineated 4 selection units as target areas for
breeding effort (Wheeler 1978). In general, these selection units re-
present a hret transitional zone with relatively high site productivities
and/or high priority regions for intensive silviculture'

Five hundred and sixty-five parent trees have been selected. Figure I
gives the number and location of the selections in each unit. They were
grafted and planted in breeding orchards at Red Rock Research Station.
The success of our grafting in the greenhouse was approximately 85 percent'
Later survival of the grafts in breeding orchards is nearly 95 percent'

FLOWER PRODUCTION AND GRAFTS

Flower producti-on in the SK* and SCA* clonebanks has been recorded
since they were established in 1972. The average number of fernale

conelets and pollen clusters per flowering graft is summarized by year'
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SCA Clonebank SK Clonebank
Year Female conelets Po1len clusters Female conele.ts Po11en clusters

r973
r97 4
197 5
197 7
1979
I 980

1

2

5

18
56
86

0
I

2

23
63

U

0
0

0
q

LO

IJ

0
0

7
-1

Female conelet production increases steadity wiLh age of grafts. A11

the living grafts (678) bore feinales in 1980, and produced a total of
491571 conelets. Assuming B0 percent of them developed to mature cones'
each averaging 20 seeds per cone, 693,L34 seeds could be harvested in
1980. This suggests that as far as cone production is concerned, Red

Rock is a suitable location for lodgepole p:i-ne seed orchards of at least
central and northern origins.

On the other: hand, only half of these grafts produced male strobili
in 1980. However, there is no clear evidence that male florser producti,on
would be enhanced by either north - or southward-transf,er'

EFFECT OF ACCELEMTED GROWTH ON FLOWERING

An exploratory Study on the effect of contj-nuous light on flower
promotion was initiated in 1975 (Wheeler L979). Seedliogs grown under
24-hour daylength for 6 months were then outplanted in the Research
Nursery at Red Rock. By the 4th growing season, 1980, the frequency of
flowering trees and the average number of female florvers per flowering
tree were roughly 600 percent greater for accelerated seedlings (817", 18

flowers/tree) than for controls ("i,2%, 3.6 flowers/tree). The control
seedlings have yet to produce male flowers, whereas 18 percenL of the
"accelerated" seedlings produced an average of I0 male clusters in 1980.

* @iees-riginated from north of Laritude 53o. They
were selected by Professor O. Sziklai of U.B.C. for two Swedish forest
companies, Stora Koppar:berg (sK) and svenska cellulosa (scA). The B.c.
Mtnistry of Forests participated in the collection and processing of
seeds and scions and established ctrone banks at Red Rock (Illingworth
Ig75). Elghty-rhree clones are included in the SK and 75 cl-ones in the
SCA collections. !-ive ramets of each .clone were planted initially in
the two clonebanks.
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Provenance research in British Col-umbia has been carried out
by the B.C. Ministry of Forests sinc.e the early 1960ts, wtren L. Roche

made a genecologicai study of interior spruce and R.L. Schmidt established
most of the present Douglas fir trials. Expansion of pl:ovenance research
into other species was accomplished mostly during the peric-rd when K'
Illingworth was in charge of the provenance research program. A total of
138 testing plots which cover 235.9 hectares has been establjshed through-
out the Province. Provenance research has been focussed on the major
commercj-al species: Douglas fir, lodgepole pine, Sitka spruce and more

recently, the true firs. Previously, establishment and maintenance
received high priority to ensure the safety and quality of the tests'
Future effort will emphasize the interpretation and practical application
of information from these studies.

Thisreportbroadlyoutlinestheprovenanceprogramandits
highlights. Details were reported in papers by K. Illingworth in two

volumes of the Proceedings of the IUFRO Joj-nt Meeting, Vancouver, Canada,

1978, published by B.C. Ministry of Forests.

STATUS OF THE PROVE}IANCE R.ESEARC}I PROGRAM

The following table summarizes the extent and scale of the
provenance trials of different species in this Province:

Key Words:

SlrS.=" _
Number of
Provenances

Number of
Test s

Year or
Establi slunent ?k

Douglas fir (Coast)
Douglas fir (Interior)
Spruce (Interior)
Sitka spruce
Lodgepole plne
Grand fir
Amabilis fir
Noble fir

B8
12
40
4-t

L82
ZJ

9
23

35
4

7

Lt+

72
4
2

10

l9(r8
L97 0
7966
L91 3
r9l 1

1 980
198 0
1 981

t!, Trials were often divided into series and established in different Years
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Year listed refers to the oldest trials.

LODGEPOLE PINE

The core of the lodgepole pine provenance proElran is the range-
wide study which involves 150 provenances over 60 testing sites in the
rnterior region of British columbia. The 60 sites are located in 12
regions representing L2 broad latitudlnal and geoclimatic zones (Fig. 1).
Sixty provenances were included in each test and 10 provenances are
common to all the 60 sites.

The most recent assessment was done in L979, 6 year s after
planting. Mean survival over the 60 sites was 9l-.6%, despite severe
damage by various animals (horses, voles) at two sites and flooding at a
third. Most sites had over 902 survival.

Height growth showed a very broad geographic pattern:
provenances of coastal origin, and those from above latitude 60 degrees
and below latitude 49 degrees had poor height growth. Excluding those
provenances, no consistent geographlc pattern can be established. For
example, origins of the l0 tallest provenances averaged over the 5 sites
in Region 8 (Fig. 1) cover a range of nearly 5 degrees of longitude (see
table below). However, evidence suggests that tire provenances from the
interlor wet belt are most vigorous as well as adaptable to a wj-de
range of sites in the southern and central interior of the province.

The l0 Tallest Provenances Averaged over 5

PROV. NO. LOCATION I,AT. LONG

in Region B.
RELATIVE

(cm) llETgHT C%_
L23
72I
12I
I20
IL7
IL6
115
115
115

Sites
MEAN

HEIGHT
L4
qz

23
15
I

1B
L9
L7

Wentworth Cr.
Champion L.
Settlers Rd.
Udy Cr.
Esperon L.
Trapping Cr.
Chilco
Nithi R.
Oie L.

50 58 r20
49 7L rt7
50 31 115
53 01 r23
50 03 119
49 35 119
51 39 I23
54 03 r25
52 00 r2r

20
?5

44
I4
39
01

05
L2

1tlLt)-
168
168
L67
163
rof
160
160
160

( 01)

DOUGT.AS FIR

The Douglas fir provenance study consists of four series:

A range-wide collection of 77 provenances tested in 5 coastal
climatic zones to determine geographic variations and to compare
their adaptability and vi-gour in constrasting environments;

Five pairs of low and high elevatj-on provenances planted at 6 si[es
spanni,ng a range of elevation from 60 to 1035 m. to test the
feasibility of seed transf er across altitr-rdinal intervals;

( oz;
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(03 Five provenanccsi sel.ect,ed, lrom a wide
two 1o<.:al sources, testcd at ?-2 sitets
site coi-rditions, to asscss provcna.r.lce
identify hardiness zones :

geograTrhic arcrn plus oi-re or
represelrting a wide rangc of
x site iner;rction and 1,o

(04) To compare select coasta1 an<l :interior provenances at high elevation
sites, four interior wet-be_lt and 3 coastal high elevation
provenances are tested at 3 high elevation sites (750-975 n) on
Vancouver Island.

Figure 2 shows the locations of the test sites.

Field performance in terms of hieght growth differed
significantly among provenances. The range of differences was wider in
the less rigorous environments. Despite this considerable variatj,on in
provenance mean height, the pattern with respect to geographic origin is
not well defined.

The importance of altitudinal transfer of seed sources became
obvious onl.y at the highest elevation site (Lookout Mtn., 1035 m) and tlre
lowest elevation site (Oyster River, 50 m) (Fig. 2, Series 02); high
elevation provenances were generally taller than the low elevafion ones
at Lookout Mtn. and vice versa at Oyster River. No difference in growth
was found between high and low elevation provenances at the other 4
intermediatc elevation sites. The results indicate that seed can be
transferred across a considerable range of elevations wittrorrL serious
consequence s.

In general, provenances from the Coastal Western Hemlock (CWH)
zone (Klinka et a1 7979) outgrew those from the drier coastal Douglas fi.r
(cDF) zone aL sites located in cwH or cDF zones. rn coastal British
Columbia, CWH provides optimal growth environment. Douglas fir stands in
this zone mllst overcome severe competition from the climax domlnant species
in order to become established. Natural selection woulcl favor the
genotypes with vigorous vegetative growth.

SITKA SPRUCE

Three series of field tests were established throughout
coastal British Columbia. The test selections were from among 43
populations spanning a latitudinal range of I7 degrees from Brookings,
Oregon, to Yakutat, Alaska.

Survival was better than 90 percent at all 13 test sites 3
years after planting. Strong clinal variation, inversely correlated with
.l-atj-tude and distance from the Coast, was shown in growth, winter injury
and time of bud flushing. Introduction of provenances from as far south
as ttre oregon coast will markedly increase the yield of sitka spruce
plantations on Vancouver Island and the Queen Charlotte fslands. However,
the tests are very young. Prudence cal1s for the continued use of local
seed sources, particularly for planting cold, mainJ-and va11-eys.
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TREE SEED RESEARCH/ PACIFIC FOREST RESEARCH CENTRE 19/9_1980

D.G. Edwards, J.R. Sutherland and G.E. Miller

Pctci(ie F onws.t Re.t ectnch C zntnz
C.nnctdicrn F o ne,s tt-q $ qn.v ice
Vic-ton La, Bn Lti.th Co{-umbict

v 87 1M5

Key l.lords: seed prechilling, moisture content, seed fungus, seed bl ight,
spruce cone rust, Douglas-fir cone gall midge, Douglas-fir
cone moth, spruce seedworm

This report describes the work of D.G. Edwards on redrying and
storage of seeds of Abies (Mill. ) species, and the official seed testing
progr:rm at Par:.if ic Forest Research Centre. It also covers the studies of
.I.R. Strtherland on the seed fungus (Caloscypha fulgens (Persoon)
Boudier), seed-borne Sirococcus blight (Sirococcus strobilinus Preuss),
and inland spruce conE-?ist-(Chrysonyxa piroiata Wi"t.t. Th" research
work of G.E. Mlller (replaci.tg A.E. tteatint o" the Douglas-fir cone gall
midge (Contarlnia oregonensis Foote), the Douglas-fir cone moth (Barbara
colfaxlana (Kearfott)) and the spruce seedworm (!y41q youngana
(Kearfott)) is described also.

TMPROVING THE USE EFFICIENCY OF SEEDLOTS

D.G. Edwards

l,lork has concentrated on determining how long prechilled
(stratified) seeds can be stored and the optinur,r moisture content dur:ing
prechllling. It has been shown (Edwards l9B0a) that prechilled seeds of
4!f.g amabilis (Dougl.) Forbes, A. grandis (Dougl.) Lindl., and A.
G;iocarpalHook.) Nutt. can be ;tored in a ref rigerator for 12 months
without any significant reduction in germlnation, if they are dried to a
moisture content of 25% (of fresh weight). Similar results have also
been obtained for Abies procera Rehd. seeds (Edwards, unpublished).

In 28-day, standard germlnation tests, seeds dried to 35i( after
a 4-week prechill treatment germinated best of all, with final
germlnation percentages being significantly higher than in seeds at other
molsture levels. However, they could not be reliably stored for 6
rnonths, since gerr.rination usually began in the refrigerator beyond that
tlme. Llhen dried to 357" and stored for at least 3 months, germination
was essentlally complete, i.e., within 0.57" of. rhe final germination
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perr:anf3ge, by the l4th day of the test. These germination rates were
approximately 2-7 times greater Ehan in seeds prttchilJ-ed, but noE dried
or stored, and were 6.5-I7 times greater than in r.rnprechill.ed seeds.
Other Erials on approxirnately 30 additional A. amabilis seedlots have
confirmed that drylng prechilled seeds to 352, T6mwee by 3 monthsr cold
storage, 1:roduces better germination than prer:hill1ng alone (Edwards and
Leadem, B.C. Min. of Forests, unpubl-ished).

These increases in gernination should be advantageous in the
nursery, even lf there is no requirement per se to sEore prechitled
seeds. Aside fron germination increases, prechil-1ing r:ould be applied
relatively lndependently of sowing dayl e.g., zr l-.rnonth precirill coul<l
begin anytime up to 6 nontirs before sowirlg. As a corollary, sowing date
would become nore flexible sinr:e there i-s a perlod of several. months in
which seeds can be stored wlthout germlnatton beginning prematurely
(Edwards t9B0b).

A fleld trial of the procedure, using 150r000 A. aurabilis
seedlirrgs ln a contalner nursery, has been undertaken collaboratively
wlth the B.C. I,linistry of Forests at Carnpbell River on Vancouver Island.
Early results show that seeds drled to 357" and stored for 3 months ger:mi-
nated 2-10 times faster during the first 2 weelcs after sowing tharr seeds
prechilled 2 or 3 months (but not dried or slored). The differences
decreased by the 4th week after sowing.

CONE AND SIII.]D DIIJEASE RBSIiARCH

Jack R. l]utherl-and

Research continues on the seed fungus (Caloscyltrq fulgets),
seed-borne Sirococcus bIlght (Slrococcus strobilinus) and inland spruce
cone rust (Grys omyxa pirolata) " Recent researcT on the seed fungus
showed several differences between the isozyme patterns of disease-free
and pathogen-infested samples, but the main <lifference was in the
latterrs hlgh alkallne phospharase (Af,P) acEivity. By using gel
electrophoresis a qualitati-ve analysis was developedo based on presence
or absence of ALP, to distinguish infested from clisease-free seedlots,
and the high ALP activlty of lnfested samples was determined to be of
pathogen origln, A qualitative assay for disease incidence was developed
by determining the ALP acLivlty of samples wlth known numbers of diseased
seeds and usl-ng a prediction equation relating enzyme activity to dlseae
lncidence. A Can. J. For. Res. paper ls in press.

Work on Slrococcus blight demonstrated that it is seed-borne on
spruce Ln coastal B.C" container: nurseriesn The pathogen was detected in
over 60% of the spruce (interior and Sitka) seedlots with blight
histories. The pathogen was present 'in 0.3-3.IL of the seeds of infested
seedlots. Seeds with shrunken contents yielded the pathogen 7-9 times
more often than seeds with normal-appearing contents. A paper has been
accepted for publicatlon ln Can. .I" Botany.
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Studies (Can. For. Serv. Res. Notes, in press) over the past 3

years show that cone rust drastically reduces seed production and that
seeds from diseased cones often germlnate abnormally. Significant
progress ls being made in determLning the exact sequence of events in the
pathogents life hlstory, and the ecology and methods for eradicating the:

rusLrs alternate hosts.

CONE AND SEED INSECT STUDIIIS

G.E. l'111ler

Mr. A.F. Hedlin retired in December, L979. The study is now

lead by l4r. G.E. Ml-1ler. Sampling techniques are being developed for
Douglas-flr cones and Douglas-fir cone ga1I rnidge (Contarinia
oregonensls) eggs. Evidence for a sex pheromone in cone ga11 rnidge has
been collected and a chemical ldentification program has begun"

Studies on attractlon in Douglas-fir cone rnoth (Barbara
colfaxiana) have shown that the optimal blend of Z-9-d'odecen-1-o1:
Z-9-dodecen-l-y1 acetate is 75:25. The effects of factors such as trap
height, trap design, trap colour, attractant dispenser, and release rates
on trap catches are being studied. Studies on host attractants of
Douglas-flr cone rnoth have been ternporarily discontinued. Studies on sex
and host attractants ln the spruce seedworm (_Egi. youngana) are
contlnulng but have been inconclusive to date.

Several insecticides have been screened for effectiveness
agalnst Douglas-fir cone and seed lnsects but none were consistently
effective. Delayed flowering is sometimes effective in reducing cone
gall rnldge damage but ls not a rellable control technique.

Dr. T.S. Sahota ls studying aspects of the inductlon of
prolonged dlapause ln the Douglas-fir cone moth, namely: i) attenpts are
being made Eo physiologlcally differentlate pupae entering prolonged
diapause from those that diapause only one winter, and ii) cone producing
and non-produclng trees are being examined Eo determine if such trees
differ chemically and if they do, whether or not chemical constituents of
the host affect inductlon of prolonged diapause. Preliminary resulrs
lndlcate that producing and non-producing trees differ in their isozyme
complexes, specifieally ln the quantities of total proteins, acid
phosphatase and esterase.

OFFICIAL TESTING OF TREE SEEDS

D.G. Edwards

Since the Paclfic Forest Research Centre became an official
menber of the InternaEional Seed TesEing Association (ISTA) in 1978,
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official testing of commercial seedlots has increased rnarkedly.
certiftcates of seed quallty for 107 seedlots, from elght species, were
lssued durlng 1979/80 and an additlonal I52 tests rdere con'rpleted on
sr:edlofs not requlrlng certtficates.

Number and t.ype* of certif icate
1979 t9B0

Blue Orange Blue Orange

Ables grandls I
Picea glauca 4
Picea pungens I
Picea sttchensls I
Pinus caribaea I z
Pinus contorta 5 19 36 26
Pseudotsuga menziesii 9
Thuja plicata z

Total

* "Blue" certificaEes apply only to Ehe sample submitEed
by the owner. "Orange" certificates require official
sampling and sealing of the container :rnd bhe test
results apply to the entire seedlot.

Almost all the seedlots tested were also certified for Source
rdentity under the OECD Regulations (see report by D.F.w. pollard).

A "Seed Bu1letln", an inforrnally written newsletter, was
created in l9B0 primarlly as a means of cormrunlcation with seed dealers
in the Pacific region on such matters as clarificaElon of certifir:ation
and seed testlng rul-es and regulations, sample sizesr lead-in times for
test completlon and recent publications. Bulletins will be issued
lrregularly and will be sent to oEher seed analysts and inspectors
throughout the CFS for lnformational purposes.
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TREE AND SEED IMPROVEMENT AT THE

PACIFIC FOREST RESEARCH CENTRE
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Key Words: western hemlock, provenances, flower enhancement, gibberellins,
reproductive morphology, seed certification.

A project entitled PC-49 Tree and Seed Improvenent: BC 6nd {rrkrrn
Conifers was establlshed in t97B to provide a comprehensive range of
research and services for improving gene resources in BC and the Yukon.
Research during the past tr"ro years has been focussed on a large provenance
trlal of western hemlock Tsuga heterophylla (Raf.) Sarg., and on flower
enhancement rnethods for this species. Good progress has also been made
wit,h guidelines for reproductive bud recognition and isozyme
characterization rnethods for western conifers, particularly .1,odgepole pi,ne.
Seed certification services have been nraintained and elaborated where
necessary, and Regulations for Forest Tree Seeds pertaining to the revised
Canada Seeds Act have been drafted. Progress on these items is outlined
below; a separate report on seed research and testing services has been
submi t ted by D. G.I.I. Edwards .

WESTERN HNMLOCK PROVENANCE TRIAI,

The Canadian Forestry Service, in r:ollaboration with forest
industries in BC, established a trial of 15 provenances of western hemlock
at four test sites on Vancouver Island in 1971. After inspeetion in 7979,
one of the test sit,es (Quatse Lake) was cleared of an excessive invasion of
naturally-seeded seedlings through a cooperative agreement beEween the CFS,
the BC Ministry of Forests and lnlestern Forest Products Ltd. (forrnerly
Rayonier Canada Ltd.),

The ten-year height and dbh measurements were rlade at all si tes
ln spring 1981 and will be reported at a future date. A full analysis of
all unpublished data is also planned. Height measurernents were made in
L97I, L972,1973, 1974,1976 and 1977.

Within- and among-provenartr:e variations in important juvenile
characters (flushlng and growth cessation) have been investigated among
open-polll"nated familles of parent clones of the origin;rl provenane.e
collections. These too will be renorted later.
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Seeds of Tsug_a chinensis (1at. 33.2"N, 1ong. 107"E, elev. 1700 nr)

have been received from Nanjing, Peoples Republic of China, and will be

used to expand the Tsuga arboreturn at Lhis Centre"

FLOWEI{ ENHANCEMENT

The combination of gibberellic acid (A+/l) and fertiLizet
(Ca(N03)2) ttas proved to be effective in the enhancement of strobilus
production in young seedlings and rooted cuttings of western hemlock.
Agalnst this now routine treatment we have successfulJ-y superimposed otl.rer
treatments, in particular moisture stress (Holger tsrix) and tenperature
(author). High moisture stress and high temperature both contribute Eo

strobilus enhancement, to the extent that, without proper consideration of
these factors, strobilus production nay be quite limited. Results of these
investigations will be published shortly.

Experiments have also been conducLed into the optimum timing of
enhancement treatments, the effects of late-season temperatures, and the
comblned effects fo photoperiod and thermoperiod. Again resul-ts will be
published as warranted.

RECOGNITION OF REPRODUCTIVE STRUCTURES

A series of leaflets describing the reproductive rnorphology of
western conifers is being prepared by Slavoj Eis. While the prirnary need
for sur-:h materials has been felt in the cone crop assessment scheme in the
Region, the leaflets are expected to receive a wider audience concerned
with tree improvement, seed orchard management, and foresEry education"
The series is to be produced as self-explanatory leaflets that may be tied
together with an introductory section and title covers. Leaflets are
currently available for four species (see publications).

Cone Crop Bulletins were published in i9B0 and 1981 for the
Pacific and Yukon Region. A nore intensive forecasti-ng system is under
development for southern Vancouver Island, and a pllot inventory of
lodgeple pine seed resources is to be conducted in the Yukon.

BIOCHEMICAL CI{ARACTERIZATION OF SEEDS

Isozyme analysis has been improved through the ar:quisition of
iso-electric focussing equiprnent. A series of lodgepole pine seedlots witlt
known terpenoid patterns are currently under study, together with two sets
of 1OO-tree collections representative of two interior stands. The
investigator, Eleanor McMul,lan, has been accepted for PhD studies at the
Swedish University of Agricultural Sciencesn Umea, beginning August 1981.
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CERTIFICATION OF FCREST TREE SEEI)

UNDER THE O.E.C.D. SCHEME

As Certlfying Authority for the Pacific and Yukon Region of the
CFS, seed inspectors of thls Centre inspected and certified the following
quantl[ies of seed for export:

Pseudotsuga menziesii
Pinus contorta var.latifolia
Pinus ponderosa
Pinus monticola
Picea sitchensis
Picea engelmanni
Tsuga heterophylla
Abies amabilis
Abies lasiocarpa

Total

1979 - B0
No. of

certifica Ees
3r
66

3

,'
44

:

r46

1980 - 81
ltro. of To tal wt .

cert ificates (kg. )
22 220.8

116 1173.0

I 14.9
25 s69.0
I .35
2 3.8

| 2.3

168 1984. t5

Total wt.
(kg")
448.4
603.4

53.4

932.2

n.;

2050. 3

Al1 the above seedlots were certified for Source Identity.
Regulations for other 0.E.C.D. categories of seed are in preparation.

The certifying officer participated j-n the 1980 Biennial Meeting
of the O.E.C.D. Representatives of Designated Authorities in Paris, and the
IUFRO l,lorklng Party Meeting" Pinus contorta as an exotic species" in Norway
and Sweden, August 1980.

REGULATIONS FOR FOREST TREE SEEDS

Regulations pertaining to the revised Canada Seeds Act (awaiEing
passage through the Canadian parliament) have been drafted and are under
review. The Regulations as envisaged call for active involvement of the
CTIA in establishment of standards for certain categories of seeds. A nore
thorough debate of the issue is expected in the next two years.
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MacMillan Bloedel Limited has been involved in several tree im-
provement/forest genetics activities during Ehe peri-od covered by this
rePort. These activities have included seed orchard establishment. clone-
bank management and progeny and provenance test measurements.

. SEED ORCHARDS

The establishment and essential completion of five clona1 Doug-
1as-fir (ESgq"_!E!g" menzlesii (Mirb.) Franco var. menziesii) seed orchards
continued on the Companyrs two seed orchard sites. These orchards are
establj-shed primarily for Company use.

MacMillan Bloedel Limited is a member of the Coastal Tree Improve-
ment Cooperatlve (C.T.I.C.) and is committed to establishing and managing
an additional four c1ona1 seed orchards:

. western hemlock q_gg.g" heterophylla (nat.) Sarg.)

. amabilis fir (Aligq amabilis (Dougl.) Forbes)

. v/estern redcedar (Ihgje plicata Donn)

. yellow cypress Gb"*a""ygar.fq nootkatensis_ (D. Don) Spach)

Activities related to these orchards have been restri-cted to oarent tree
selection and propagation.

CLONEBANKS

The Company is also managiug both a western he:mlock and a poplax/
willow clonebank withi-n the C.T.I.C. The western hemlock clonebank is com-
prised of rooted and grafted ramets of the same clones. This clonebank will
a1low study of the growth habits and seed production of the two types of
propagules. The poplar/willow clonebank is comprised of 56 Salix species
and cultivars, 11. black cottonwood (Populus tricho_carpq Torr & Gray) parent
tree selections and 16 Populus species and cultivars. The primary function
of this clonebank is to provide cuttinqs for use in streamside stabLLiza-
t ion.



79

PROGENY TESTS

Western White Pine (Pinus monticoia Dougl.)

llhis test was iniLiated in 1978 to evaluate, under p-lantatiorr
conditions, the open-pollinated progeny of selected white pine trees"
Parent trees were selected as being either rust free, rust cankers inactj--
vated in the branches or infected with active rust. Plantations \^/ere es'.
tablished on two sites consi-dered potentially good white pine reforestation
sites.

In 1980, after two years in the field, the trees were assessed
for survival, height growth and rust incidence. Survival has been excel-
lent and only one site is showing any signs of rust infecti-on. 0n that
slte there appears to be no difference in the rust infection levels of the
three groups. Each group has 4O"l of the families showing some rust inci-
dence.

Analysis of variance of the height data identified a highly sig-
nificant (.01) location effect and location x family interaction. The
plantation will be assessed again in 1982.

PROVENANCE TESTS

Noble fir (Abies procera Rehd. )

Plantations were established in the fa11 of L977 on five sites
to test the potential value of noble fir as a timber species on Vancouver
Island. Six noble fir provenances from lnlashington and Oregon were used in
a randomized complete block design with 25-tree row plots. Four replica-
tions were planted at each test location. Statistical analysis of the
survival data after two growing seasons showed highly significant (.Of;
differences between locations and provenances. As an example, one test
had a mean survival of onLy 33%, while tv/o provenances in that test had
survj-vals of 861l and 787" respectively.

Species co:mparison tests were established in conjunction with
the noble fir provenance tests. Species additional to noble fir were:
arnabili-s fir, Douglas-fir, western hemlock, mountain hemlock (Tsuga
mertensiana (Bong.) Carr.) and western larch (Larix occidentalIJTutt.).
These tests were established as randomized complete blocks with 25-tree
row plots and four replications at each site. Survivals !r'ere assessed at
the same time as the provenance tesEs. Statistical analysis showed higltly
significant (.01) differences between locations and species. Noble fir
had survival equal to or greater than the other species in al1 plantations"
This test will receive fifth year measurements in 1982.
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Western Larch

Four plantati-ons r,rere establlshed in the fall of 1977 with the
objective of determining the performance of four provenances of western
larch on a variety of sites. Four provenances from high quality stands in
southeastern Briti-sh Columbia were used. A randomized complete block design
was used with 25 trees per provenance, replicated four times per site.

Survival after two growing seasons \{as assessed and statistical
analysi-s showed significant differences (.OS) between locations and prove-
nances. However, only one provenance in one location had a survival rate
as high as B0%.

Species comparison tests were established along with the prove-
nance tests. Species included were western larch, Douglas-fir and lodgepole
pine eilg_q contorta Dougl. var. contorta). A randomized complete block
design \,/ith 16-tree rorr/ plots and two replications per site was used for
thj-s test. These tests v/ere assessed at the same time as the provenance
tests. Overall survivals were lodgepole pine - 762, western larch - 667",
and Douglas-fir 34%.
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Thls report outlines work done i-n conjuncEion wlth Dr. W.lt.
Parker, Lakehead University, Thunder Bay, Ontario. The objectives
of these studies are: f) to determine patLerns of relationstrips and
variation of Erees growing in nature, and 2) relaEe those patterns
to variables that describe the environment and growth habits of the
trees. Such lnforrnaEion is of relevance in understanding the
biology of forest trees, identifying poEerrtial sources of variation
EhaE. may have an inpact on re-forestation decisions, and identifying
sources of certaln geneE,ic material for breeding experirnents.

Over the last two years, studi.es have cenEered on Abies anabj-Iis
(Dougl.) F-orbes and A. lasicoarpa (tlook.) Nutt. in uhe-Tass Aivet
dralnage, north of Terrace, B.C., A. lasiocarpa and A. balsamea
(L.) 1"1i11. in wesEern Canada, A. procera Rehd. and A. magnifica A.
Murr. in the Cascade, CoasE and Sierra Nevada lvlountains of western
United Stat,es and A. balsamea in western Ontarlo. As well,
preliminary analysEs ttiie Ueen perforned on combined saruples of A.
laslocarpa and A. balsamea from Vancouver Island and western
Washlngton east through the Rocky Mountains of Canada to \,Jestern
Saskatchewan and wesEern Ontario.

Analyses have been based on population sarnplesl the rnaterial
being ataLyzed consisting of cones, needles from cone-bearing
branches and, for most sEudies, needles from lmmature trees. Most
of the data gathered have been structurall we have some chemical
d a E a . The data have been subjected to rnultivariate analyses.
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Speeific flndings are ltsted below

I) Abies amabllls and A. l-asiocarpa from tire Nass Rive-r drainage.

a) The Ewo specles have not hybridized.
b) Population differentiation is related to edaphically odd siEes

(lava beds), physlographlcally sltes of restricted areal
distribution (canyon bottoms) and geographic distribution.

c) Immature trees show the same paEterns of relatlonships as the
mature.

d) Populatlons of irnmature Lrees are less variable than
populations of sexually mature trees frorn the same site. This
has been interpreted as reflecting more age-classes i-n the
populatlons of sexually nature trees

2) Abies lasiocarpa and A. bal.sanea from western Canada

The E,wo species represent two poorly differented Eaxa Ehat
meeE. af the Rocky }4ountains and not in central Alberfa as has
been previously hypot,hesized.
There ls no indication of modern hybridizat.ion between the two
taxa.
Populatlon differentlon that occurs is not related to
environmental variables. It could represent selective forces
in ecologically different sites, or facEors other than
selection.
Points a) to c) above are based on structural data. Chemical
data does not refute the above except that tr-t i-ndlcates thaE.
geographic dlstribut.lon is related to popularion
dlfferentiatlon.

3) Ables procera and A. magnlflca

a) Based on analyses of needle data, both frorn cone bearing
branches and lmrnature trees, these two species are separate
with the southern limit of A. procera and northern limit of A.
ruagnlfLca belng in southern or@-Ii the vicinity of Crater-
Lake. Based on cone characters, these two species form an
lntergrading series connected by A.reg".i!Ig. var. shastensis
Lenmon Ln n. Callfornla and s. Oregon.

b) Populatlon dlfferentiation is related to geographlc
distribution as well or site hlstory (i.e., whether or not
populations became established followlng deforesEatlon, elther
by logging or fire). Perlodic disturbance is a conmon feature
of forests ln North Amerj.ca. Thus, one ls led to the
hypothesis that some t,ypes of population differentlation are
cyclic ln nature lndicatlng that selection, like drift, can
produce cyclic changes in gene frequency.

a)

b)

c)

d)



c)

d)
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Populatlons of mature trees are more variable than populations
of lmmature trees from the same sl,te (see discussLon under J-)

d) above).
The combinati-on of c) and
of genetlc heterozygosity
and perhaps oLher trees.

would irnply a high degree
procera and A. magniflca,

b) above
in Abies

e) The taxon called A. magnifica var. sha_xlensis is polyphyletic
(has evolved from rnore than one ancestor).

4) Ables balsamea from western Ontario

Population differentiation has occurred but is not readily
explainable by any enviromental variable.
The relationshlps between populations of immature Lrees are
noL Ehe same as the relationships between populations of
mature trees.

c) Based on a) and b) above, it is hypot,hesized thar $election
does not explain population differentiation.

5) Abies lasiocarpa and A. balsamea from Vancouver Island and
\destern Washlngton to western Ontario

These data were collected over severai- different years so
analyses were done on residual-s derlved fron rnuluiple
regression analysis. This was done to remove the effecE of
covariat,es (and hopefully size).
The data Lndicate: that differentiation within A. Iaslocarpa
and A. balsaneq, excluding plants from Vancotroui Island, is
weak aE best. Plant.s from Vancouver Island are dlstinct fron
t,he res t.
These results are prellninary only and further int,erpretations
nusE await more thought, anal-ysis and data. However, it is
lnteresting to note that, like Hunt and vonRudloff (1979), oul:
data lndicates A. lasLocarpa from Vancouver Island 1s
dif ferent fron Ehe-G;I;E; of A. l,asiocarpa and A.
balsamea.

d) Cone data are nol yet comprete.
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UNDERGRADUATE PROGRAM

Bes'ide the usual elective Forest 0enetics course offered
to undergraduate students, a sim1lar course was given t.o /8 3rd and
4th year undergraduate students at the Nanking Technologic,:1 Collegejn China frorn September l6th to October l5th, 1980.

As a result of i ncreased 'int.erest in bree 'imorovement I n
British Columbia, a Guided Independent Siucly course jn forest
genetics is now in preparation.

GRADUATE AND RESEARCH PROGRAM

llesearch programs rel ate to vari at i on and heri tabi 1 1 ty
stud'ies of western conifers, and graduate prograrns generally have
correlated with the above objectives. CompleLed graduate programs
included El-Kassaby's Ph.D. clissertalion - who was the 9th student
to receive Ph.D. degree in forest genetics on "Isozyrne Patterns of a

Sel ected Pseudosuga men_zjes-j i (Mi rb. ) Franco Popul ati on".

0pen poi I i nated seed sanrpl es were col I ected f rarn 42
Douglas-fir trees in Septernber 

.|97U. 
The indjvdual ity of cone lots

and subsequent seed lots had been retained in these trees. The rrees
are located in the University of British Columbnja Research Foresr,
Haney, B.C. and were stud'ied previously for phenol ogy, growth, and
fIower and cone production by Grjffith (.|968)

Isozyme variat'ions were studied (using the ge1 electro-
phores'is technique) for both the haploid megagametophyte and the
di pl oid errrbryo ti ssues at '27 l oci , codi ng for lB di ff erent enzymes
for each tree separately.
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lhe objecti ves of th'is sii:dy wene:
l. to study the mode of inheritance for these loci;
2. to deterrni ne the 'l inkage rel aLi onships arnong these lclci ;3. to estimate the outcnossi ng rate (t) for thjs popl uation;
4. to determine the most effective sample size For

estimabi ng a1l el ic f requenc'ies
5. to study the amount anci orEani zati on of .isozynre vari at ion

in this popu'latjon and compare Lhe results wjth the
vari ati on for some quanti tati ve traj ts, antl

6" to sludy the assocjatjon between isozyme gerrotypes and
quanti tat'i ve tra'i ts"

The results from the inher.itance analyses for the l4
heterozygous enzyme systems showed Ihat these electrr>phoretic
variants segregated 'in a co-<iomi nant fashi on wj th di sti nct sirnpl e
Mendelian expressjon. The iinkage study yie'lded two tightly linked
pairs (AAI-2;PGI-2) and (AAT-3:SOD) with recombination fnequenc'ies of
1.5 and 2?.4 percent i^espectively. In addition, 7 loosely l'inked
pairs were detected with recomb'inaLjon frequencies varying between
32.7 and 41.9 percent. It was nol possible to study three-point
linkage due to the lack of appropriabe combinations. Condit'ional
probabi I ities were used to est"imate the outcrossi rrg rate (t) jn the
populat'ion using 4 enzyme systems" The estjmated outcrossing rate
was 0.9 with a standarC deviation of 0.11, giving an inbreeding rate
of l0 percent. By tire mjn'imum sampl ing criterion it was estjrnated
that sarnple sizes between 42 and 60 treles from the base population
are optimal to obtain rel iable estimates fon the allel'ic frequencies.
Strjking agreement on the appointment of geneLic varjation t^ras found
between results obtained from the gene djversity analysis for the
electrophoret'ic data and the analysis of varjance for 1 different
quantitat'ive traits. These 2 independent sets of jnformaton
confirmed that the majority of the variation existed within and not
between poplulations Fina11y, the association between the mother
trees' genotypes and the performance of the'ir half-sib families
showed that the mother trees appeared to exert minjmal .influence 

on
those characteri stics analyzed. The po1 1 en parent contri!:ution to
the genetic constitution of the progenies should be investigated and
it is recorunended that isozynrc studies should be extended to full-sib
progenies.

Nel son, M.F. thes'is was ihe I lth "in forest genetics and he
invest'igated the "Variation in Growth tfficiency of Selected Western
Heml ock [Tsuga heterophyl I a (Raf, ) Sarg. ]Trees"

Iighty western henrlock trees, in lhe clge rdng€ of 15 to 48
years, were selected on three Crown Zeilerbach tree farms in
northwestern 0regon and southlestern Washington to sample the range
of varjation in growth effjc'iency" Growth efficiency js defined as
the ability of the crown bo prociuce the rnaxinum amount of wood in
relat'ion Lo its crown surface are6. Seclection of tlre trees was
based on the crown index ratio (1ive crown length/crown widt.h)"



6t

The objecti ves of Lhe study were to eslrtttate:

1 ) the range of vari at i on i rr growth eff i ci ency of
invididual trees,

2) how vari ati on i n growth effj ci ency of i ndj vi dual trees
coujd be utilized to rnaximize volume on a un'it area,
and

3) the ef{'iciency of narrow crown western hemlock trees
as wood producers.

Results from regression analysis showed that there was

sufficient varjation'in growth effic'iency, with a range of the
standardized residuals exceeding at Jeasb +2.0 standard errors of the
estimate for all three regression rnodels. Based on this range it is
suggested that selection of Ien year basal area incretnent or gross
sten volulle for western hemlock in relatiorr [o crown surface area or
sapwood basal area may be worbhwhi I e.

The sign'ificance of the variation in growth efficiency
becornes apparent when the higher growth efficiency classes are
selected. It'is estjrnated tlrat se'lecbjon of the higher grovtth
effic.iency classes rather than the average may increase ten year
basal area increment/hectare by 39 to 45 percent.

It appears from the trees ineasured that there is l.ittle
relationship between growth efficiency and the degree of slenderness
of the crown.

Presently Musoke i s cl ose to cornpl et'ing her M. F. thesi s on
"Junven'il e-rrratrrre Correl ation of Se'lected Ilougl as-f i r Provenances and
Progenies", and Collangeli now has sarnples from seven of the eight
Pseudotsuga species to complete her M.Sc. thesis on "Comparative
KeryofyT--Ana'lys'i s of P seudotsuga Genus " .

Llr. Y.A. El-Kassaby is writ'ing up his research results for
publ i cation, ass i sti ng undergraduate and graduaIe students j n the.i r
thesis preparetion as a NSERC Postdoctorate Fellow.
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'fhc Alberta trec improvement progran is in its sjxth year of
operation. DrLring this period, lhc interest , acceptance, and parti c-i pa rion
by the forest industries in the prograln work arrd related activitjes has
steadily jtrcreased. As a resuft, the work on several projecls on genetic
improvement of iodgepole pine and vvhite spruce, arthough sLilr in
nl annino arr '\ro'r.\r earlv stnoas - hcq nrrnrrr.a.qeAd rronr ural'l Thr'- r1,rururrrr6 ua vL-rJ , !--* r-_br .,,-- :epoft Uefy
briefly describes; progress on the work carried out by the Alberta Forest
Service, British Columbia Forest Products Ltd., Canadjarr Forest Products
Ltd., Procter and Gamble Cellulose, Ltd., and Simpson Timber Company
| 

^1. 
, \ 

- -\A1Der-t,a, Ltd. over the past two years.

PROGRAIV{ DEVELOP]\,MNT

'lllte f'MA forest industries and the Alberta I',::rest Service helrj
a series of meetings to finalize details relating to obligatious, ro1es,
and responsjbiliLies of the participants in the co-operative tree
impr,rvemerrt pro.iects. Agreement was reacherl in JrrirLcip-e, with regard
to sharing of costs arid work loads for various actjvjties and phases, with
the exception of s;eed orchards. A formaf agreement was signed by
British Columbia Forest Products Ltd. and the Alberta Forest Service
affirming commitment of both parties to work co-operatively to initiate
and carry out work on specified projects; and the description of cost and
work sharing arrangements was prov'ided. The scne agreement is expected to
be forrnal 1y agreed bilaterally by the Forest service ard each of the
other FMA forest industries.

Thc work on several projects is af, a stage where commjl,mcrrt,s o[-
sizeable resources are required on part of the forest inclustries to cnsrtre
continuation and successful cornpletion of work rinder progrcss. The
industries coflectively approached the Forest Service for. incentives in
reLurn for carcy-i ng out genetic trec improvement and int,crrsjve
silvicul-ture work. A Silviculture Tmprovement Advisory Oomrnittee,
eonsisting of members from inrlustry and the Alberta Forest Service, \,r/as
lormed t,o explore this issue in dept,h ar, d rnake recommendations. Seiiarrtely,
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t,he Alberta Forest Service and Flt{A indLrstries successfully concluded
discrrssions on & proprrssl whicir i s expecLed Lo expcdite dcvelopnrenL ol'
seed orchards in the province. Under the proposal, the Forest, Service
tr'nrr nrrrahcoa onA nrovide larrd-f,o fOfeSt indUStfieS WftO in fCtUfn Will be.(uLu lJ

obli5Jed to bear: all cosbs of establishing a:rd operabing seeil orchards and
provirle t,he li'cirest Serrrice with a porbion of the seerl crop required for
its olun use.

ASSE},/tsLY OF BFEEDING STOCK

The selection of superior trees to provide base naterial for
selection and breeding projects continued with most of tiie ef"forts
directed at white spruce in central and northwestern Alberta. A total of'
BJ white spruce md Z*O lodgepole pine trees were selected. Cone and/or
scion collections were made from the selected trees. Field work for most
of this work was carried out by Procter and Garnble Cellulose, Sinpson
T'imber (lomnanw and the Alberta Fore.st Service.

PROGENY TESTING

Ar nnr'1. nf opnoi -i n imnr,nrrpmanl. nf 'l ndrrpnnl o nine in hneodino
repion lr | . fnrrn onen nol linr f.cd t.^r {r ^-ir^ /a^--'r'. field tfialS WerervErvil u I . i vuI u_uvlr lJvf f-lllouUu ltOf 1-DILJ Idilr i.V

aqrahl i^had ini-*lrr hrr Lha ATharlg FOfeSt, SefVice, PfOetef and Ca.mb]evJ

Cellulose, Canadian Forest P4oducts, and British Colrrmbia Foresb Products.
Region 81 contains 1/r 800 lsn'area covering par1,s of Lhe Crarrde lrairie
and Whitecourt Forests. The field trials were outplanted in the spring,
. ^ Artt-lxt usino onntniner stnak nrnduggfl ffOm 0P Seedlois obtainerl from
selecLed superior trees located mostly wilhin the regiorr. Tlie field
design consis Led of blocks in reps layout ( 5 replications, 4 [,ree row
plots) with dOO farnilies grouped in 25 urrique ald independenl, sets of 16
families each.

Site treatment and development of four tesl sites for
establishment of field trials as part of the genetic improvement of
lodrvpno'lo nina in hrapdino raoi.,n C r^)^q onmnlaf.pd inint.lrr hrr Sim*b4 vr 'r --"PsonTr'ml'ar /ramnon-' ald the Alberta Forest Service. The pla:-rt,ing stock for
these trials is being produced by the Alberta Forest Service and out-
planting will be done in spring, 1982.

Procter and Ganrble Cellulose completed a fieid establishment of'
an experiment designed to est-imaLe t,he difference in growl,h performanee
of onen nol linnted nrogenv of se'l cef,ed qr'rrArl'nr \rs rrndnmlw fnrrndlJlvtivllJu},9ravr

lodgepole pirre Lrees. Two flie1d triafs were cct,ablished using pla:rting
stock produced frorn seedlot,s collected from 20 superior and 20 random
trees selected from five local stands.

SEED ORCHARDS

A 15 ha lodgepole pine seed orchard plantation was established
in spring, tgBO in the Grande Prairie Forest jointly by lrocter and
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Gambfe CellLrlose and the Alberta Forest Service. Planting stock for
this plantalion was produced from a seed.lot formed. by bulking seed
obtained frorn 2O1 seleeted srrnelisl brees. ifhe planting was done aL j 1r
(uetween 

"o*") i-l";-a;i;;i;;;*) spacir,q and it wilr be progressivery
thirrned to retain abou-b 20 percent of ttre best trees for seed pr.oduction.
This planLation was primarily established -to evaluate effec-biveness of
phenotytrlic mass selection as an alternate breecling scheme to provide
relatively -Low cost seed that may be economicaf for use in direct seeding
programs.

Procter and Gamble Cellulose began work to ciefine the criteria
to select a srritable seed orcharrl site within the Grande Prairie general
area ( /+/+O I<:n northwest of Edmonton) drtring f9BO. Surveys of avar'-lable
agriculture land were made in order to l-ocate a site with coarse
textured soil, ready availability of water for irrigation and micro-
climate that would aid in seed prodrrction of wtrite spruce and lodgepole
pine.

The Alberta Forest Service started the site development for a
whjte spruce seed orchard to be locatecl at srnoky l,ake. Fencing of the
site was completed and work started on the ins ballation of an irrisation
system.

The Alberta Forest Serviee and Procter ald Gamble Cellulose
initiated a co-operative study to monitor flowering and seed production
response of white spruce grafts at several southern locations to identify
the best climate for locating seed orchards of this species. One field
trial was established in summer, 19Bl at Brooks in southeastern Alberta.
Two additional plantations, one each in central and northwestern Alberta,
will be established in L982. Each plantation contains 3 or 4 ramets each
of 10-16 white spruce ortets originating from northern Alberta. One -setof this material was established earlieLr by the British Cofr.rnbia Forest
Service in its clone banlr at Venton.

SEED PRODUCT]ON AND SEED COLI-EOTION AREI\,S

No new seed production or seed collection areas were
established in the prouince during the past trvo years. The Alberta
Forest Service is currently reviewing its commitment and approach to i,lris
work. It is anticipated that work on locating and earrnarking excellent
quality stands as cone collection reserves will resume later this year
and intensify in the followi-ng years. rn the meantime, a stud;r was
started to develop and define methods, procedures, and c,.iLeria for
objective evaluation of phenotypic quality of natu::al whit,e spruce stands.
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The genetics and tree improvement research program of the
Alberta Forest Service is still in its early stages. The work j-s divided
inf.o fnrrr nro ieats. snccips -f.pst-inn n?nrrAnqnne feSeafCh, genetiC StUdieS,rlluu rvuf -t,ruJguuo. oysufgD usourfr6, y-"

and seed production and related studies. This report describes the
progress of work carried out over lhe past two years.

SPECIES TESTING

work on species testing was started in L976 Io evaluate the
eomparative perforrnance of pronising native and exotic tree spee.ies and Lo

deterrnine their suitability for foresb regeneration in various regions of
lha nrnrrinno Annrriqr'*.r'nn nf ceodlnts for. snecips t,estinp TesearCh nearsuIlL }Ja v vrllUv r nvYt.uur uf vrf vr elJvvf vv

completion and field establishment of all experimental plantations
renrrired as nart of th-is nrojpet, is exnecterl to be concluded in 1986.yur u vr urrr u yr

A larch species trial using container seedling stock was

established at Smoky Lake to test and compare field perforrnance of
tamarack (1 seedlot), Siberian (raj-vo1a) larch (1 seedlot), and Western

/a.larcn 1 o seeoro-us ). At the end of nearly two growing seasons in the
field, all seedlots showed excellent survival ald the meart height of the
three species was: tamarack 28 cm, Siberian larch j6 cm, West,ern larch
37 cm.

A field trial was established on a nutrient poor sandy soil si'be
to monitor and compare field perforrnance of white spruce,black spruce,
lodgepole pine, tamarack, and white birch in pure ald r,rixed planting with
sr.een al der ( Aln,rs eri sna ) - 'Ihe ernerirnenta'l design consist,eO of
6reurl \ arrruu vr ruyu / .

r.pn1iente6 row-nlEnTJiEF-of the firra snccies with a1d without alternatinga gl/l r \;o u9u L vvv Pf urr urrr6u v]

rows of green alder.

Greenhouse production of erperiment,al pJ anting stock was
onmnl ct,ed for f-iel d oirtnl ant-i np of two addi Lional erperiments:
I A nina qncoioq t.aql. t.^ c-mn:.rc lerf'nrm2nce of r.ed nine- 666flatneo njno

-rv--vu vv ' v"'yJIY Psr I Ualll@luu U! Isu }/rLlL, yvrruvr
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lndoann]o nino end innlr nino Eaeh snec-t'cs iq renresnnted hv l-7 Seedqur\ lJrrre , luvr.f JlJu vf \- u 1J f u t/f u uuar uu u rr,j/
s nl lTna .-.

2. A rnaplc species trial (sugar maple, Japanese maple, and red maple) to
deterrnine bhe adaptability and winter hardiness of selected seedlots of
*.hoco qnanin- fnr nnqqihla rrqa in nmenr'f.w np nz-nRmental nlantinp.s inuoL L1L Allgrlf uuY \/I vI lr4rrvr ! uur rvf @r ufrr{1

Alberta.

PROVENANCE RTSEARCH

As part of an extensive series of white spruce provenance trials
to be established throughout the province, pJ-arting stock to provide
materials for three addi'bionai fie1cl trials was transplanted in separate
nursery erperiments. Twelve similar erperiments were earlier established
in nurserv transnlant heds drrrins 1976-1q79- Field outnlantins of theseuurrirS L/ rv-J / | /. i fu!u vuul,!1!rufrrtr

experiments started in the spring of 1980 using d-year-old planting stock
and the establishment of six field trials was completed by spring of 1981.
One of the three field trials estab-Lisheo in spring, 1980 in the foo-r,hills
region of southern Alberta showed. severe mortality (82%), vrith the
exception of 1ocal seed sources and lhe seed sources originating from the
foothills due north of the plantation region. The plantation failure was
attributed to winter desication since the 1980-Bl winter had an unusually
l-ow snowfaf I and frequent warrn temperatr-res. The plantation site was
replanted with surplus stock in spring, 1981.

Observations on flushing dates of the white spruce provenances
established in the fifteen separate nursery experiments were started in
1979 and continuerl in 1980 and 1981. The experj-mental design perrnits
evaluation of flushing dates relat,ive lo the geographic origin of 19 seed
sources in three different years on seedlings of 3 different ages ( 1 year
old, 2 year o1d, and 3 year old). Data from this stuciy has been compiled
and statistical analyses are expected to be completed lat,er this year.

Outplanting of two scots pine sged source trials, consisting of'
25 seed sources originating from above 50"N latitudes in the U.S.S.R. was
conpleted in spring, 1980. One field plantation was established in
central Alberta and the other in northern Alberta. Each of the plantations
inel rrderi ;r I ndoonol e nine spcdl n-f. for. r.omnFrr'snr) nltrT)()ses - TheSe!e l/rrru 9ssu Lv u r ur r,vlrrlrol f,ovrr y \u p r alLL
plantations are part of a co-ope-rative study initiated by the U.S. Forest
Service.

A ponderosa pine seed source t::ial established in the nursery
in 1977 was ou-bplanted as a fiel<l trial in central Alberta in 1980. Tt
contains 14 seeO sources of relatively high elevation origins from North
Dakota, South Dakota, Monta.na, V/yoming, arrd Colorado. Evaluation of a
Norway maple seed source trial established i.n the nursery in 1978 showed
that none of the seedlots are winter hardy in a central Alberta test
environment. This trial was part of a co-operative study initiated by bhe
Petawawa National Forestry Institute and consisted of 12 single tree of
bulk seedlots from three geographic origins from the U"S.S.R..
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GENETIC STUDTES

A study was starterl to evaluate genet-Lc variability and
correlations a:nong open pollinated seedlots o{' 37 parenL trees from a
white snr.rce stand from which seed was coilected in two differen'f seed
crop years. Data on seedling performance (iieight,. shoot arld root dry
wejshts) was recorderl in two rrreenhouse test envirc.:nmen'i,s and eval.uation

ve / trlJe

of the results is in progress. The rcmajniug seedlings from this
experiment will be outplanted in a field trial to be establj.shed in L982.

A greenhouse study of genetic variabili.ty in lld open pollinated
famil ie.s of lodoeno-lc nine orisiriatirrp frorn 38 stands locat'ed in west-
central Alberta was concluded. lt was interes'ting to note that families/
stands effects were significant for all traits (seed gennination count,
cotyledon nurnber, seedling height, slioot and root dry weights' and shoo-b:
root ratio), whereas stanrl effects were found to be significant only for
seed oerrninnticln e^nnt. oof,vlcdon nrrnihpr'. nrrd sh.oot:roo1, ratio.uLLu 6urrlrlllq UIvII vvql v r uv uJ

Additional data on seedl-ing height was collected from another greenhouse
o*rrrt,r a? 1,/A nnan nn-llr'ncf.arl frmili.,s,rr.iOinetino fz'nrn 60 st,andS lOCatedD U UUJ Ul -+V U}JsIr P(/lIIItG Usu f alrr rrv'J

in ceniral Alberta. The data on gleenhouse performance of lodgepole p-lne
fanil les is being accumulated for the puqpose of calcuiating genotypic
and phenotypic correlations with the later field performance of the same

families in order to deveJ op a possible criteria for screening poorer
families based on sreenhouse test results.

SEED PRODUCTION AND REI,ATND STUDIES

A study on seed quality of seed collec-bed in two different seed
years from each of 37 seed trees from a sced 1;roduc'ric-rlr area was complebed.
Analysis of varianr,c of seed germination riaLa showeci highly sigrrificant,
(p.O.01) differences due to seed years, seed trees, aftd cold stratifica-
tion treatments. All interactions anong the nain effects we::e also
qL:rt.r.stiapl lw eirrnifiosnt. ovc.r.sl-l mrrnn rrerrninnl..inn ncrcpnt,ag(rs wcre asououIouIvolfJ DfStrll IL41 u. vvuror! iue.ur u-Lvrr yvr

follows:
1976: 40+ 4 (unstratified)

L979 : 63+ lr ( uns Lra bif,ie d )

Thousarrd seed. weight (adjusted Lo 6% moist,ure content) of seed trees front
seed crops of the two different years was not significantl.y correlated
(r=.24). The mean gerrnination percentagc of the seedlots (unstratilied
seed) showed highly significant correlat,ion betvreen seed years (r-.66).
Hnure'rzer- it. runs intorest,ino to nnf,e t.hat, mean rermination ol stratified

t ru vvqu vIv:,ro rrrsv ruv\.+r bv

seedlots showed extremely poor cor:relation (r=.05) between seed years.
No rel-ationship was found between seed weight and gertnination capacity
of seedlots in either year.

Several reports in recent liberature have reported successful
induction c;f eirrly f'lowering in whi Le spruce and lodgepole pinc by
applying a continuous photoperiod and high levels of nutrients to the
seedlings of these species while being grown in a greenhouse prior to
outplanting. In light of this, a sfudy wa.s started ln 1979 to evaluate

86+ 2 (stratified)

98+ I (stratified)
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greenhouse r.esponse of white spruce and lodgepole pine to a contirtuous
photoperiod and heavier appticatic.rn of nutrients, ild to subsequently
monitor flowering and seed production response of these materials in a

field Lr.ial. Seedlings of both species were gro\rtn in a greenhouse under
the prescribed (accelerated growth) envi::onment for e-'ight months. At the
end of this period, the mean height of while spruce seedlings was 69 cm

compared to 33 em for lodgepoJc pinc. Conventionatly reared seedlings
nf { r.,a oomn ^naAl n-f c nf rvh r'lo qnrrtrnrr nrrr'l -l nrJrranol p ni ne avefafred L2 .5 Anvr Ullg Ddllg DEgurv uu v ! Lvlla uu e}/J uuL ulu -Lv!16eyvrv yrrrv

and 7.2 om resneetirrclrr Thp srrbstantial difference in height growth ofv ur vvrJ

white spruce a:rd lodgepofe pine under an accelerated growth environment
for eight months is attributed to differing growth habjts of the two
species. White spruce showed conl,inuorLs height grovrth througtrouL the
eight months period, while lodgcpoJe pine set bud after every 2-3 weeks
of active height growth and stayed dorrnalt for 2-/+ weeks before flushing
and resuming height growbh.

At the end of the greenJrouse stu(1r, seedlings produced under tlte
accelerated grow'bh environment were ou'bplanted as a research plaltation
for future monitoring of growth, development, flowering, and seed
production response of these. Conventiona.ll;r reared seedlings were
established as a control for comparing results.

PI/NT PROPAGATION AND SEED BANK

Apart from the production of planting stock for the Alberta
Forest Service genetics and tree improverrent research projects, plant
propagation facilities of tbe Genetics Section, Alberta Forest Service
are also responsible for the production of planting stock for co-operative
oenetie imnrovemont. nrn joe*.s rvit,h ihe forest industries of the province.u yr vJ

During the report period, total prodricf,i-on was 101r800 seedlings and
1 4ry6 onqftq

An experimental study designed to develop a new growing schedufe
and nutrient prescription for greenhouse producti-on of tamarack container
stock was satisfactorily concluded. Several difficulties were being
encountered earlier in growing tamarack seedling crop using a starrdal'd
growing regime adopted for prociuction of other conifer seedlings.
Tamarack seedlings produced under this growing regime generally showed
poor root growth, excessive lush top growtir and spindly stems.

A botal of /+O3 seedlot entries were added to the seed bank. The

nilnber of seedlots extracted and processed was 358' These represented
open pollinated seed1ots of selected trees and seed source stands, as

well as general collections made for building inventory for erperimental
work and seed exchanses with other aqencies.

Systematic gerrnination 1,e;ting of nearly 2,5(\O research seedlots
in the seed barrk was started and )2I germination tests we"e completed'
It was decided that if suffj.cient seed can be spared, all seedlots will
hc oerrninnt.ion t6a+^^ o*'taqo*..,t.r,,e (Rs fnr as oOSS:]ble Within the SeCOndue 6urJrrrf ru uf vrr UED UgU d U rgOD U Vrlus \ qO f or uu ts

or third month of their storage ). For the pulpose of monitoring seed
a"^1.'+-. .'- +L^ 'lvuo*uJ rar urrs aollg IeIm, a Setr of tO fefefence SeedlotS COmpoSed of
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subsets of a varying rrumber of seedlots of the major species in the seed
bank, was sel.ected for testing moisture eont,ent and germinability each
year. This set will be progressively erpanded every year to include a
few more entries from the new seedlots beins added to the seed bank.

A study was conducted on the effect of extended cone after-
ripening of white spruce cones on seed yield and seed quality. Green
cones nearing maturity were collected from 15 trees. Each of these
collections were^divided into two parts and separately air-dried at
approximately 2Oo/t5oC aay/night temperature for two and four weeks
before being kilned and extracted. Both treatments were found to give
similar seed yield, seed germination, and seed weight. As a result of
this study, a standard two weeks air-drying period was adopted for
drying white spruce cones before kilning and extraetion.
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Height measurements at five years after planting are now on hand
for all three family tests of the Northern Forest Resear:ch Centrets jack
pine breeding program. These data have been used to a limited extent.
Parent clones ranking near the top for their family test in progeny mean
height, with reasonably favorable grafting records and scion produclon'
were selected and grafted for establishment of seed orchards by cooperators.
There was some progress toward clone bank completion.

A draft manuscript for a comprehensive reDort on the -j ack oine
breeding program has been reviewed, ancl is nor.+ being revised.

CLONE BANK

A major share of program resources has been absorbed by clone
bank development during the past two years. Stocking remains at about 60%,

the same leve1 reported in L979 (Klein 1980 b). Grafts on hand in pots
wi11, when planted, increa.se stocking to about 85%. Grafting success was
achieved wiLh some diffi cult clones by collecting scions in November or
March and grafting in March on dormant understock. Clones which have
yielded -l ittle or no grafting success were establisa-ed in the clone bank
by transplanting the primary ramets from a p::eliminary clone bank. I
have intended to try late faIL grafting for difficultclones,but have not
yet been able to have understocks and time available tlten.

I'le are sti1l refining the technique for rearing understocks.
I{atering and feeding by sub-irrigation during the container-rearing period
resulted in straigtrter stems on the 1981 understocks, with much less
staking and tying than was required for previous crops. Morphology of
winter growth in the greenhouse has been unsati.sfactory, despite manipula-
tion of photoperiod and temperature. Now we will cr:y storing the seedlings
outdoors in thej-r containers through the wintern then potting them up to
complete their growth in a second summer.
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APPLICATION OF FAMILY TEST RESULTS

Cooperative grafting of progeny-tested clones was done for the
western breeding district in L9l9 (K1ein f980 b) and 1980, for: the eastern
breeding district in 1980, an<l for the central breeding district in 1981.
Selection was based on progeny mean height superiority in each districtrs
family test at five years from planting. Mean height of the progenies of
selected clones was B.5Z and 7.2% above the test mean for the eastern and
western district tests, respectively. Up to 300 scions of 26 clones have
been grafted for one seed orchard. The resulting ramets were pl-anted in a

clone bank (Prince Albert Pulpwood Ltcl.), lined out at a nursery to await
development of an orchard site (Saskatchewan Forestry Branch), or planted
in a seed orchard (Manitoba Forestry Branch). Ten-year results should
support a more ambitious scale of application. Controlled mating of clone
bank ramets will soon be practicable for high-ranking genotypes which are
difficult to graft, and may prove to be the generally srrperior method for
producing jack pine seed orchard trees.
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Forest genetics activities at The University of Alberta have focussed on
the area of population genetics, utilizing starch-ge1 electrophoresis as the
principle research techniqr-re. Over the past two years, several projects in-
vestigating jack and lodgepole pines, Douglas-fir, trembling aspen, white
spruce, and birches have been completed or initiated.

ENZY},IE VARIATION OF JACK AND LODGEPOI,E PINE

MegagametophyLes of 410 lodgepole piue (Pinus gllg.Ij_q var. latifolia
(Dougl.) Engelm.), Jack pine (P.!_ar1kg]gna Lamb.), and putative hybrids from
ten Alberta populations were subjected to starch-ge1 electrophoresis. Twenty-
one loci in 14 enzyme systems were scored to characterize aLlozyme variation
of the taxa and clarify evolutj-onary reJ ationships between the two species.
Six loci exhibited high levels of heterozygosiry (>457") in at least one of
the species. Dj-fferences in allozyme fr:equencies at eight loci permitted
differentlation between the two parental- taxa. Sixty-four percent of the locj,
in jack pine and 757" of the loci i-n lodgepole pine were polymorphic. Average
heterozygosity of jack pine was "I27, while that of lodgepole pine was .L87.
Jack pine had 2.07 alleles/locus, while lodgepole pine had 2.47 alLeles/locus.
Neifs geneticdistance between the t\.ro species was .113. The reduced variabil-
lty of jack pine could be the result of its evolution from a lodgepole pine-
like ancestor after passage through a genetic bottleneck. Laboratory portions
of this study were carried out rrrhile I was a visiting sc".ienti-st at the Popu-
lation Genetics Laboratory, B.C. Ministry of Forests. Francis Yeh and I are
preparing a manuscript from this study.

ENZYME VARIATION O}' DOUGLAS-FIR

Megagametophytes of 99 Douglas-fir (Pseudotsuga menziegii var. glauca
(Beissn.) Franco) from five foothill populations in Alberta were subjected
to starch-gel electrophoresis. Twenty-six loci in 17 enzyme systents were
scored to characterize allozyme variation within and among the populations.
Eight loci exhibited high levels (>.45) of heterozygosity; average heterozy-
gosi.ty was .23I . A1leles at fi.ve -loci had frequencies markedly different
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from those reported for B.C. populations. 67"1 of the loci were polymorphic
Genetic distances between Alberta and coastal B.C. populations were simllar
to those reported between other tree specles.

Lab<;r;rtory portion of tiris study were completed wtrile I was a visiting
sr:ientist at thc PopulaLion Geiretics Labclratory, B.C. Ministry of Forests.
Francis Yeh and I are preparing a manuscript from Lhe results. A subsequent
collection was made from four nearby populations in the Porcupine Hills to
study local differentiation of enzyme loci. Results will be reported at the
17th IUFRO Congress at Kyoto, Japan, in October 1981.

GENIC VARIATION OF TREMBLING ASPEN

Mr. William M. Cheliak compi-eted his M.Sc. thesis on "Genic variation
of trernbling aspen in Alberta'r j-n 1980. 256 clones in eighL aspen populations
in Alberta were studied to dei-ineate variability in leaf morphology. Starch-
ge1 electrophoresis was used to study crude enzyme extracts from dormant vege-
tatlve bud tissue from 222 clones in seven of these eight popul,ations. The
eight morphological characters and two derived ratio charac.ters showeei sig-
nificant among-population variation, DiscriminanL analysis showed group-
ings of populations at similar latitudes. A totaL of.76 alleles coding for
26 putative loci were found in the populations studied. Average observed
population heterozygosity was 0.52, with 2.3 alleles per locus and 851l of the
loci polymorphic. A model was developed which indicated vegetative reproduc-
tion, with mutations accumulating by Mullerrs ratchet, could cause the high
levels of variation maintained in the population. Within-population vari-
atlon accounted fot 94% of the total gene diversity.

Manuscripts reporting on this study are in various stages of preparation
and review. This study was supported by a CFS Research Agreement within the
Department of Forest Science and NSERC. Mr. John King and I are continuing
this study with detailed investigation of individual clones to see if we can
find evidence of somatic mutations within clones and "daughter" clones derived
by mutation from other clones.

LEAF WAX OF TREMBLING ASPEN

Mr. Barry C. Jaquish completed his M.Sc. thesis, "Natural variation in
the leaf epicuticular wax alkanes and leaf wax morphology of trembling aspen

esp1llgg tremuloides Michx.)". Gas-liquid chromatography was used to analyze
the hydrocarbon fraction of leaf epicuticularwaxes, and to describe the inter-
and intraclonal, temporal, sexual and geographic variation in the hydrocarbons.
The hydrocarbons r^rere composed of seven normal-ziikanes, with odd-numbere-d
compounds predomi-nating. Significant differences in alkane Percentages existed
among clones and crown strata, and between leaf types. Br:oad-sense heritah:il*
i-ties for all of the alkane characters except nC25 were high (>.60)' i.noicat-
ing differences in the alkane characters are largely due io geneti-c cljflerences
among clones. The unique clonal alkane profiles indicated leaf wax alkanes
have potential as clone delineators. A11 alkanes except nC23 and nC25 var:ie<i
significantly over the growing season. The maior transition in alkane concen-
tratj-ons occurred six weeks following leaf flush and may be related to the
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cessation of surface wax deposition. Starnirrate clones contained significant-
ly higher concentrations of nC23 and nC25, and lower concentrations of nC26
and nC27 than pistillate clones. Discriminant analysis correctly classified
831l of the clones to their appropriate sex. Scanning electron microscopy re-
vealed pistillate v/ax is composed of dense, cruciform-shaped platey crystals
which are oriented perpendicular to the leaf surface, while staminate waxes
are less dense and are oriented horizontal to the leaf surface. This vari-
abi lity in wax morphology may give the sel-ective advantage to pistillate
clones in hotter environments and to staminate clones in cooler environments.
Alkane concentrations were significantly correlated with elevati-on and aver-
age daily temperature. Significant differences among populations were found
for all alkanes except nonocosane (nC29). C.l-uster and discriminant analyses
of the alkane characters delineated two distinct groups of Alberca aspen.

Thls study was supported by a CI'S Research Agreement

A NEW POLYPL,OID BIRCH SPECIES

During a portion of my study leave, Burton V. Barnes and I completed a
study of unusual birches, which we believe are octoploi.ds (n=56) that arose
from unreduced gametes of Betula x purpusii Schneider and reduced gametes of
yellow birch (8. alleghaniensis Britton). Although polyploids account for 26%
of temperate zor'e woody plants, we know of no other recent evidence of natural
polyploidy. l'/e- are completing a manuscript describing and naming this birch
and will submi-t it for publication shortlv.

NURSERY SELECTION OF LODGEPOLE PINE IND WI{ITE SPRUCE

I,Iith the cooper:atj-on of Dr. Narinder Dhir of the Alberta Forest Service
we have been studying the genetic effects of nursery selection (for seed size)
in lodgepole pine and white spruce (tig_"" glauca (Moench) Voss). Seed from
unsorted and sorted seed lots of several populatlons has been subjected to
starch-ge1 electrophoresis, and the isozymes scored. This study is being
supported by ttre Dean's Agriculture Canada Grant.

MATING SYSTEMS

Mr. Cheliak has been working on a Ph.D. study of the mating system and
fitness selection components of jack pine. We expect the laboratory analysi-s
of isozymes to be completed by the end of this summer (1981), with Mr. Cheliak
writing his dissertatl-on this fall and winter. Mr. King and I expect to start
a study of the mating system and population structure of white spruc.e this
fall. Preliminary work has been done on identifying lsozyme loci and alleles
and their inherj-tance. I,rle are negotiating a contract wlth the Alberta Forest
Service through Dr. N. Dhir to support this work.

SPECIFIC GMVITY AND FIBRE LENGTH VARIATION OF TREMBLING ASPEN

Mr. Alvin D. Yanchuk has begun an M.Sc. study of variation of wood



103

specific gravity and fibre length within and among clones of populus
tremu.Loides in central Alberta. This study is supporterl by a CFS Research
Agreement wittr the Department and NSERC funds to Dr. M. Micko of the Depart-
ment of Agricultural Engineering.

NEI^I PERSONNEL

Ms. Hansi Klemrn joined the population genetics (electrophoresis) labor-
atory as a Biological Technician in September, 1980; she has assumed the ma-jor responsibility for the day-to-day operation of the laboratory. Mr. James
Lavoie joined the Department as a Blological Technologist j-n October, 1980;
approximately BO'/. of his time has been spent in the population genetics lab-
oratory. Dr. Francis C. Yeh, Techni-cal Advisor - Genetics, Research Branch,
B.C. Mlnistry of Forests, was appointed Associate Academic Staff member (Asso-
ciate Professor) in 1980. Dr. Yeir serves on graduate student commi.ttees,
presents occasional seminars and lectures, and provides advice to the genetics
Program.
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Tree lmprovement activities over the past two years haveconcentrated on: plus tree selectlon, plantlng of provenance
Eests, mass selection in nursery beds, fertilizrng in theMaloneck seed production area, and graftrng. Itlhrte spruce(Picea glauca (Moench) Voss) tras received the most attention.Provenance tests are planned for the exotic species of lodge-
9:1" plne (-t!"gg_ coltorra var latifolia Engelm), red plne(Plnus resinosa Att) ina scots-pinE- (rinus sylrrestris L). A
: act prnE-TFrnus t""t"i"r"-r,"rui-;;".,rG;t.r provenance resr!tas sorlrn ttris-si-rT"gflgTT) ana-wirt be plantecl in rhe spring
o f l-982.

WHITE SPRUCE

No plus trees were sel-ected in 1990, 20 !nere selected in1979 and grafted in the sprLng of 1980. The grafted materialhas been placed in a clone bank pending sufflcient numbers ofortets to establish a clonal seed orchard.

Mass selected 3-0 and 2-2 seedlings are chosen each springand fa11 for a seedling seed orchard.

The Maloneck plantatlorr \,ras established cl uring the years1939 to 1942. The plantation has been used for a seed product-lon area since 1975. The seed obtalned from this stand hasgermlnated consistently above average (g5% vs 7oz); therefore,1f by fertilizing, cone crops coulcl be rnduced annua11y, theresults would be very beneficial.

An experiment was set up wlth the assistance of theNorther:n Forest Research centre to determine whether, wlthfertlllzer applications , cone production could be augmen teclr1 good years and be maintained in poor seed years (srace1978) ' The experlmental prescriptlons involve different levelsof nltrogen and phosphorous on one tenth.acre (0.13-rr"i piot".-
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The duration of the experiment is six to eight years.
Annual cone counts on se-lected plot trees will- determine whether
the fert Il_i-zer appllcations have any effect on cone produc'tion.

PROVENANCE TESTS

The range-wide white spruce provenance test was planted
in three locations in the fa11 and sprlng of f980,1981 respect-
Ivel-y. The design ernployed is the augmented randomized com-
plete block deslgn (Federer 1961). The provincial breakdown
bv sources is:

Saskat chewan 14 Nova Scotla 2

Alberta 14 North West Terrltories 1

British Columbia LZ Ontario 9

Manltoba L2 Prince Edward Islan d 2

New Brunswick 1 Quebec 6

Newfoundl-and 1 Yukon 2

Each plot has twenty-five (25) trees at two by two metre
spaclng wlth thirty-six (36) plots per block and four blocks
per location.

The lodgepole pine provenance test is composed of sources
from Alberta (9), British Colurnbia (17) and the Inland Empire
Co-operative (12) from Montana, Idaho and trlashington. This
test wil-1 be planted at three different locations in L982.

The red pine test will be out planted ln 1983 at three
locatLons across the province. Sources for this test are from
Ontario (13) , New Brunswick (1) , Nova Scotia (1) 

' l,Tisconsin
(1) and Michigan (2).

The Scotrs plne provenance test was planted this sprlng
(1981) at a single location. This test has a total of seventy-
one (71) provenances from European and Asian portions of the
Soviet Unlon. Of these sources sixty-seven (67) are north of
50o latltucle. The general geographic locations are:

Murmansk, Karel and Arkhangel 7

North Central Russia 6

Western Russia 6
Central Rtrssia 7

Eastern Russla 6

Southern Russia and Caucasus 7

Ural Mountains 8

East of Urals and Kazakt' 3

Ob Rl-ver and Altav Mtns. 3

Yenisey Rlve r 6

Angara RLver and L. Baykal 6

Chlta, Amur, Khabarov, Yakutsk 6
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The sources were gathered by the U. S. Forest Service
and dlstrlbuted to various agencies lncludlnB the Northern
Forest Research Centre from which Saskatchehran receLved its
stock. (Read 1978).
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Maior emphasjs in Prince Albert Pu'lpwood's operatlg!t'is being
placed on siiviculture and forest management. A iqgk nine (?ilgs ban,,ksigna)

tree improvement program to auqment thjs was established tn 1977 under the
direct'ion of Dr. bruie Zobel . The directjon of the program was outl'ined jn

a previous report (0rynik, 1979) and progress has been good. Our estab-
lished 2-hectare clonll seed orchard, based on thirty very intensively
selected trees, was expanded this year to 7"2 hectares through a large
field graftins program. This orchard wjll be rogued on !|r9 basi.s of open

and coitrol p6tiiniteO trials. The fjrst of the open po1'linated trials w'ill
beqin in the spring of 7982 with the control polfinated trials beg'inning
after flower production starts.

One hundred less-jntensively selected trees have also been chosen,
and another one hundred w'ill be picked by the fall of 7982. The progeny
from these trees will be planted in the field trials over the next four
years and the results of these tests wjll be used to establish a second seed
-orchard 

from which we will obtain seed of hiQher genetic quality than the
present orchard. The fjrst of these proqeny trjals r^ras planted this spring
in five repljcat'ions on different sites throughout our lease area.

Wood specific grav'ity has been determ'ined for the thirty intens-
ively selected trees and will;lso be deterrnjned for the next one hundred
less intensively selected trees we choose. Once the ranqe of wood specific
qravity is found for trees'in Northern Saskatchewan, wood densjty wi'11 be

used ai a selectjon criterion. This w'ill ensure against selecting trees
which are fast growing but have a high water and air, rather than fibre,
content.

A clone bank on the seed orchard site will be expanded this year
so that'it contains all the genetic material jn the orchard and a second
clone bank of this materr'al wilt be established in 1982 at another location
for insurance purposes.

In 7979 we recejved from the Canadian Forestry Service, several
grafts of the twenty best families (based on S-year measurements) of their
jack pine progeny tiials jn Northern Saskatchewan. These have been estab-
jisned jn our-cl-one bank and will be incorporated jnto our program on the
basis of the ten year progeny trial results.
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TREE BREEDING AND EVALUATION MORDEN RESEARCH STATION

1980-1981

W.G. Ronald
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Several promising native tree sources were
identified from among the more t-han 150 accessions received
annuaJ.ly by the Morden Arboretum. A weeping wi11ow, rPrairie
Cascade', was introduced in 1981 and selection work was
continued Lo identify a hardier golden wilLow. Populus
breeding emphasized the genetic basis of cutting rootabiJ-ity;
selection was continued for this factor and for shelterbelt
adaptability. Species susceptibility to birch borer damage
was evaluated and several white barked se-l-ections were
identified which possessed a degree of resistance.

PRAIRIE ADAPTED PROVENANCES OF VALUABLE CANADIAN TREES

Available commercial sources o f Fraxinus americana
(white ash) have consistently failed to effi lE-Se
prairie region. New provenances obtained from norLhern
Canadian sources ( Petawawa, 0ntario) and northern U. S.
sources (t,tinnesota) have developed excellent specimens at
Morden while nearby commercial sources fai led during severe
winters. The adapted sources wiIl be distributed for shade
tree production in prairie Canada.

P-opulus qrandidentata (1arge toothed aspen ) obtained
from its north western continental distribut.ion in south
eastern Manitoba per forms well at Morden. Female clones
predominate in Manitoba but one male clone discovered in 19BI
served as a pollen source for production of seed. Seed
production may provide a commercial procedure for production
of trees.

Acer rubrum (red maple ) obtained from its north
western c6-iiEn6nEET-distribution near Kenora, 0ntario has
proven the most adapted source for possible prairie
product ion. The inci dence of sunscald to tree trunks appears
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Lo be Lhe limiting factor to wider use of the red maple in
prair-ie regions.

Querc_q_q bicolor (swamp
trom Minnesota offers potential
oaks available for the prairie

whibe oak) obtained in 1966
to extend the narrow range of

region"

IMPROVEMINT OF SAL IX

A breeding program with the obj ecti ve of developinq
an adapt.ed weeping willow for the prairie region has result.ed
in the release of the 'Prairie Cascader cultivar in 1981.
This new curtiv ar should enable reriable prairie production
o f weeping willows for the fi rst time.

Crossing and selection work is continuinq with the
objective of developing a hardier replacernent for the golden
wiIlow (Salix alba tVitellina').

IMPROVEMENT OF POPULUS

P. x eanescens 'Towerr a columnar hybrid introduced
in 1979 fiom M;;d#-T'as become wirlely accepted by commercial
nursery growers. Studies have developed a reliable
propagation procedure which uses 2 cm lonq root cuttings
given a 2 week warm preconditioning in moist peat moss prior
to planting in peat pots in the greenhouse in March or
April. The small plants produced are then field planted in
late May and result in a saleable 1 m plant by faIl.

Studies of intersect.ional species hybrids were
continued with objectives to recombine disease resistance,
propagation ease and hardiness. The rootabilit y of hardwood
cuttings was found to have sLrong genetic control. several
selections were identifi.ed amonost t.hese first oeneration
intersectional hybrids.

0ther advanced breeding lines irrclude columnar
sil-ver poplars, col-umnar cottonwood hybrids and progenies of
t. x jackii 'Northwest' wit.h higher levels of disease
resist ance .

SELECTION FOR BORER RESISTANCE IN BTTULA

Birch borer and drought damage has caused widespread
Losses to prairie birch prarrtings particularly to European
birch and its weeping cultivars. The native dark barked
B.etulg occidentalis (syn. fonLinalis) r fountain birch, has
been found Lo offer apparent resistance. This species is
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cold and drouqht tolerant and although lackinq in white
exfoliating bark it has produced some such hybrid seedlingr;.
Several white barked selections were increased by graft.inq
and will be evaluated.

In addition Lo this native species the Asiatrc
Chinese paper birch (Betula albo sinensis septentrionalis)
appears promising as a-T-oT6r-FeFiilAnF speiG.
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GENETICS OF GENECOLOGY OF SPRUCE,

SAUL.T STE , MAR I E, ONTAR I O, 7979 AND 1980
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hybridization, Piceta

The program in genecology and genetics of spruce seeks to provide a
broad scientific basis for tree improvement arrd to enhanc,e our understanding
of the structure and functiorring of ecosystems and how this may be used for
their best management.

The objectives are (1) to elucidate the contribution of species,
forms, provenances and hybrids in productivitlz slrstems; (2) to collect and
interpret information on genetic parameters parLicularly genotype x environ-
ment interaction, in regard to genecology and phylogeny of the genus pi.ea;
and (3) to evaluate the effect of provenances, see<1 zones (site regionsf-in
productivity systems, and confirrn the vali<lity of Ehe limits of movement of
spruce stock between regions, etc, as compared with 1oca1 solrrces.

The program includes intra and interspecific hybriclization studies,
some range-wide provenance and local seed source studies and Pj-ceca.

HYBRID I ZATlON

Breeding in 1979 was confined almost entirely to one area, Sault
Ste. Marie. Twenty-two interspecific crosses with controls involving fifteen
speci-es of spruce were attempted using several clones. Some of these were
repeat crossesr both to obtain repeatabi.Lity estimates, and to lncrease
stocks of particular hybr:id clones" Pice;: omor.^ika clones as female parents
were crossed wifh different po11en ="*"u* "r e. grr_rjIan p, glauca, p.
engelmannil, P. S$"hgrtg.", P. chihuahuana, p.--Loy_rugf ,1.-p:i."a.1._", p_.

Pungens., P. g!-gg, P. schrenkiana, P. gspel4lg, F. brel^reriana, P. !+_lfign-gensis,andP.ryi.C1onesofP.rtrbensasfema1eparentSwere
crossed with P. rubens,I.gfg""g, p._g"-q"-i_!fgqqLf, p. pungen€, !_.S_tl!En-sis, P. chihuahuana., P. orientalis , p . llgwSltgng aird p. rnexicana. p .

IgIllgla was crossed with P. glauca. rn addition, hybri-d p. rubens x p.
omorikq was crossed with 1ocal pollen sources of P. glauca, P. mariana and
P. rubens.

Of the foregoing, p. omor:ika x !. .pu4gells, p
P. asperata and P. b:eweriana were failr:r:es with al_t
sources. It is noteworttry tfLaE the f j.rst three have
over several years. P. rubens x p. engelmannii, .p*.

. abies, P. schrenkiqna,
clones arrd po11en
been consistent failures

Lr1n€enl, P. chihuahuana,
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P. orientalis, P. breweriana and P. mexicana were also failures with all
clones and pollen sources, as also was P. mexicana x P. glauca. Llowever,
P. omorika x P. B.l4ugq, an older cross (Jeffers I97I), and P. omorika x
4. "itcttensi"lEkl-undh f943), as well as P. omorika " 

p. e"geftanniil
pr.vi"usly reported (Gordon 1975a), provicled g"td ..p""t"Uifity a"t", as
did P. omorika x P. chihuahuana (Gordon I976a). Crossability of the latter
remains very low, but consistent.

Repeatability was achieved with P.
cf. Bongarten and Hanover in press), u.,d P

ability, as expected, was extremely 1ow.

rubens x P_. _glg"Ss (Gordon ).978;
. sitchensis (Gordon 1978). Cross-

For the first time, limited success (not from all clones) was achieved
with P. omorika x P. koyamai and P. omorika x P. orientalis. Crossability was
v.ry Gw, ana "tigtltfy Uetter with f. g:1g4gflg. Th" p"t"tive hybrid seed-
lings exhibit hybrid characteristics. Both these crosses were fj-rst reported
by i,'lright (1955) but the progenies were subsequently invalidated (Santamour
1967) .

Two ottrer new crosses were P. omorika x F. maximowiczii, a very
uncommon Japanese species and _P. tiki"trg""sir, a- Ctri"es" "pecies of l.imited
distribution. Ihe crossability using P. maximowiczii \,r'as extremely low and
the progeny still unconfirmed. However with P. likiangensis it was 50 to
IO014, matching the unusually high and useful crossability of P. omorika x
P. rubens and P. omorika x P. mariana (Gordon I975b, I976b; Fowler 1980).
?roffi-i-r the P. _gf".g!q " f.@g1g1= cross t'rave been confirmed.

In 1980 breeding was conducted over a latitudinal range in Ontario
from Sault Ste. l"larie and Algonquin Districts to Simcoe District in the south.
Thirty-five interspecifi-c crosses representing fifteen species of spruce
were attempted. Eighteen i,nterspecific crosses were successful. Some

crosses were repeats to obtain repeatability estimates as well as to increase
clonal stocks. Others were new.

Female parents were clones of P. orientalis, P. omorika, P. rltbens,
P. mariana, P. mexicana, B_. sitchensis a"a f . X ftrt"l| fI-. gI "
t. glauca). Male parents were P. orientalis, P. rubens, P. mariana, P.
sitchensis, P. glauca, P. pungens, P. likiangensis, P. koyamai, P. maxi-
mowi-czii, P. asperata and P. abies. It was not necessary to attempt all
possible combinations.

The least responsive clones were of P. mariana, crossing success-
ful1y only with other P. mariana, as well as one doubtful cross with P.
asperata. Disappointingly, P. mariana when crossed with P. sj-tchensis, was
also unsuccessful. Fowler et al. (1980) reported this as a new cross going
back at least to 1978. Crosses in the reciprocal direction, however, were
successful for the first time. P. sitchensis as the female parent crossed
with Ontario P. mariana. Crossability was 1ow, but the small number of con-
firrned hybrid seedlings are distinctly heterotic. P. sitchensis, of course,
also crossed easily again with P. glauca. P. sitchensis_ x P. likiangensi-s
as a new cross was first accomplished by workers in Britain in 1970 (Faulkner
I97I). This cross was repeated successfully. Crossability is very low
and the seedlings are interesting but do not appear to be heterotic.

P. sitchensis x P. rubens_ first reported in this direction in 1978
(Gordon 1980) were unsuccessful in the 1980 season. The reciprocal, P.
rubens x P. sitchensis, however, a new cross in 1976 (Gordon 1978) was
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successfully repeated with new clones and different pol1en parents. The
seedlings produced in I976 have been confirme<i and are very promising.

_\r!Z1l was crossed successfully with P. r'ubens. The seedlings
aU"orrnaf . P . si tchensis f ai1ed "" ,.r".r.1 rith P. abies and
maximowiczii.

P. ornorika x P. maxamo\.{-
i""!i appeai ""cc.sstut

As yet, unconfi-rmed crosses occurred with p. _fgbglt x p. koyamai,
and P. asperata (both doubtful), P. sitchensis and P. glauca. Confirmed
successes were with P. rubens " P: orientaliE P_. maximowiczii (new) and

-p-. -Lf!:""$i5-fg (newi. af tno"gtt r*- tit"t "rl..*uf"f Ly "*a. rtte cross P.
rubens x P. orientalis in 1974, we have had 1itt1e success repeaEing i;.
F"tl"r (f-gOg) reporting on work of Hol,st, and Jeffers (Ig7I) reported thi-s
cross $/ith little comment. The progeny of the present cross are very vi-
gorous regardless of parental provenance. Crossability was moderaEe,
varying from less than I% to about 6Z and similar to that of P. rubens x
P. likiangensis_.

t. mexicana was crossed successfully with P. rubens, repeat cross
(Gordon 1980)1 and, utilizing different parenLs, with P. glauca with much
greater crossability than was previ-ously noted (Gordon 1980). A new and
unexpected cross was P. mexicana x P. likiangensis. Crossability was
moderate and all prog"try-r.ru--confiimea. P.-*""1."na failed to cross with
P. mariana.

PRODUCTION AND APPLICATION OF INTERSPECIFIC HYBRIDS

Data illustrating eight years of development of p. omorlka x p.
rubens hybrids, reciprocal-s and controls was prlesented to the Canada-
Ontario Joint Forestry Research Committee (COJFRC), Information Session for
Forest llanagers, February L979, as an example of interspecific breeding
contributing to tree improvement.

Other work of this program consists of flower induction studies,
rooting techniques used for rapid muJ,tiplication of hybrid stock, and
genotype x environment, etc. studies i_n our Piceca.

P. X
however are
also with P.

The work of this
vity and nutrient cycling
(Gordon L979; Blum er al.

asperata, P. orientalis, P. kqyg*rl and P

but the seed-lings await confirmation.

Unit is otherwise 1ar:ge1y occupied with prodrrcti-
studies in spruce forest eocsystem research
1980, etc. ibid 1980).

B1um, B.M., R.M. Frank
birch. Type 30.
Canada. Society
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RESEARCH ON SEED-CONE RECEPTIVITY, SEED PRODUCTION

POTENTIAL, CONE INDUCTION AND HAPLOID PLANT CULTURE

Key Words: Picea

Rong H" Ho

)ntnnio Fctnest Reteanch Centne
)vr.twtLo Wi.wLttnq o{ Na,tuna.t- Reaounee,s

Maytle-, )ntanLo
LAJ lEO

glauca, Piceg rnerlgns, fopulus species

io Forest Research Centre, Ontario Ministry of
, Maple, Ontario LOJ lEO.

The studies on seed-cone receptivi,ty and seeri production potential,
and cone induction were initiated in the spring of 1980 and encompassed
white (q-lsec glauca /Moenchf voss) and black spruces (P. tel:.gng 11"titt,IB.s"P.). rrc oui.cti'o"" rEr" (t) ro determine ttte optGailffifr6-r
controlled pollination, (2) to define the seed production potential per
cone, and (3) to induce cone procluction.

Resear:ch on haploid plant culture and vegetative propagation in
vitro started in April, 1981, after the setup of a biotechnology lJoratory.
Ihe objectives were to produce poplar (PopulEe L. spp" ) and wfrite spruce
haploit's, and clone a specific genotype through ra vltro technique. Dr.
Y. Raj- is associated with the study and the poplar material was supplied
by Dr. L. Zsuffa*"

SEED.CONE RECEPTIVITY

In white spruce, the proximal end of a seed cone emerged from the
bud scales and was the area to be receptive first. Receptivity of a seed
cone lasted for about 10 days. The end of receptivity was signalled
by the enclosure of cone scales" Optimal receptivity occurred when
seed cones approached the end of recepti.vity and this coincided with
the peak of pollen shedding" It was evident that" seed cones, pollinated
once at this stage, produced the most filled seed, on the average of r+I.6
Per cone.

SEED PRODUCTIOI\ POTENT'IAI,

Total cone scales in white spruce averaged 67.8 per cone" The
f ertile scales consisted c:f 4.3" 6 per cone and l:he sterile scales 24 per
cone. The sterile scales were located at the proximal and distal ends of
a cone, and the distal end had more sterile scales (12"8) than the proximal
end (If.3)" The seed production potential was BB seeds per cone.

1- Geneticist, Ontar
Natural Resources
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In black spruce, total cone scales averaged 57.8 per cone of which
'27.'2 scaLes were fertile and 30.5 scales were sterile. The fertile cone
scales located at the mid-portion of a cone. There \,/ere more sterile
cone scales at the proximal end (f8.6) than at the distal end of a cone
(fi.9). The seed production potential averaged 54 seeds Per cone.

CONE INDUCTION

Two studies were carried out in cone induction. In one studyt
gibberellic acid (cA) 41719 (100 micrograms/week) was applied to white
and black spruces for 2 to B weeks. In the other study, white spruce
trees were girdled, root-pruned or both.

GA is effective in inducing pollen and seed cones. In white spruce,
GA increased the average seed-cone production by 6-fold and the average
pollen-cone production by 2-fold after an 8-week treatment. The increase
in black spruce was 4-fold in seed-cone production and l0-fold in po11en-
cone production. Clones responded differentl-y to GA treatments. Pollen
viability and tree height growth were not affected by t.he treatment.

Root pruning appeared to be better than girdling in increasing cone
production. Root pruning resulted in 5-fold increase in seed cones and
1.5-fold in pollen cones over the controls. The response was highly
variable by c1one. A combination of girdling and root Pruning was not
effective and the treated trees produced about the same amount of cones
as the controls. The treated trees grew more in height than the controls.

HAPLOID PLANT CULTURE

In poplar, anthers were i.ncubated on a Murasirige and Skoog (MS)

medium (1962) containing 2 mg/1 of 2r4-D, 2 ^glL of Kinetin, 3% of sucrose
and 0.8"L of. agar when young pollen grains in the anthers were at the
mononucleate stage and prior to the mitotic division (Zhu et al, 1980).
After about 40 days of incubation, traploid calli have been obtained from
pollen grains of 7 clones, i.e., P. angulata x simonli, P. x euramericana
cv. bachelierii, P. x euramericana cv. eugenei, l- * euramericana cv.
vernirubens, P. generosa x jackii, F. jackii (P. t"cgm"trCge x deltoides),
P. maximowiczii x deltoides. Diploid cal1i from the somatic tissues of
anthers were produced from other species and hybrids. The haploid calli
will be transferred to a new medium containing .2 ngl I of BAP (benzyla-
minopurine) and .2 *g lI of NAA for organogenesis.

In white spruce, microsporophylls were incubated on the medium as
used for cal1us induction in poplar. After a month?s irrcubation, only
diploid calli were produced from the microsporophylls. The calli have
been transferred to a new medium for organ induction.
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The spruce and larch program in Ontario has undergone personnel
and organizational changes since the previous report (Rauter 1979)
submitted to this Association. In Apri1., 1,979, R.M. Rauter transferred
from the Ontario Forest Research Centre (OfnC), Maple, to the Forest
Resources Branch, Program Development and Control Section, in head
office, Toronto. From April, 1979, to June, 1980, projects initiated
by Rauter vrere carried out under her guidance by K. Eng, now Tree
Improvement Specialist, Central Region. Additional assistance was
provided by D. Boufford, who also looked after the project during
the remainder of 1980. I joined the OFRC staff as the spruce and
larch geneticist in January, 1981.

SPRUCE

Interspeci f ic hybridization

No hybrid crosses were attempted during the 1979 and 1980
breeding season. Field tests of earlier hybrid crosses are due for
evaluation in the fall of 1981. Two hybrids that suggest some potential
for southern ontario are Pice? glauca (Moench) voss x p. sitchensis
(Bong.) Carr and P. abies (1.) raist. x p. Koyamii Shi;. -wirh-tEese
two exceptions, tE-e spr""" hybridization wo?t<-at OFRC will be phased
out to concentrate on selection and breeding of native spruces.

Selection and breeding

In both 1979 and 1980 the controlled crossing program was
continued in the black and white spruce clonal seed orchards near
Angus. Black spruce pollen was collected from the Mattawin seed orchard
and used, alr:ng with fresh pollen, for controll-ed pollinations in
1980. The 1980 white spruce flower crop at Mattawin was heavily darnaged
by late frosE, as it had been the previous two years. The resulting
seed from these crosses will be used to progeny Eest the clones in
the orchards.
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Open-pollinated progeny tesLs of black spruce plus trees
frorn both the 3E and 3w site regions (Hitts 1960) were planted during
the 1979-1980 period, as well as an open-pollinated test of the McAcree
3I{ black spruce seed production area. An open-pollinated test of
the OtConnor 4W white spruce seed production area was planted in 1980
on two sites. clona1 tests of both the black and white spruce seed
production areas at Limestone Lake were planted in 1980.

LARCi{

Exotics and interspecific hybridizarion

An interspecific crossing program has not been started at
oFRc. Iiowever, since several hybrids have indicated some promise
for short rotation forestry in ontario (calvert and Rauter L979),
trials have been initiated with hybrid seed ohtained from a number
of concributors. In 1980, a combined species and hybrid trial, was
planted at two si,tes in sorrEheasEern Ontario. The species represented
were: Larix decidua Mi11., L. dahurlqg Turcz., !. laricina (nunoi)
K. Koch. x L. decidua, L. gnelini (nupr.) l-itvin., L. gSgtdgg " 1,.
kurilensis t"tay.., 1. aefugg * !: leptotepis (sie;.-a.tl-Zilil) Gora.
ana ttre reciprocal croGl-t. raifclE-T-t aecidga. A species trial
of !. occidentalis Nutt., l. @: ."a@g"o was planred
at four southeastern locations in 1979.

Selection and breeding

Stand trials of three different L" lari.ci"ua collections
were planted near Thunder Bay and aE sever6l 'loc€ffis in southeastern
ontario. Early survival in these plantations and the above hybrid
trials was generalLy good, alEhough a few plantations suffered from
man-caused mortality. As with the spruces, r anticipate that the
major thrust in the future will be on selecrion and breeding within
Ehe native populations of L. lar.icina.
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Under the arrspices of the Department of Regional liconorni.c Expansion
(DREE), L.K. Miller vras hired as the Regional Tree Improvement Specialist
for the Northern Region, Ministry of Natural Resources in October, 1981, to
coordinate the tree improvement efforts in the region. A considerable
amount of time was spent becoming farniliar with the org.rnization, personnel.,
and existing tree improvement activities throughout the region. At the
present time, operational tree improvement programs have been drafted for
black sprrrce (3jgge 4araana- (Mi1l.) B.S.P.), .jack pine (P-f,nup b,.aqb.si-qge
Lamb.), :rnd white spruce (Picea g.leqqa_ (Moench.) Voss.). The author has
also assisted field staff in seed col,lection and seed production area
establishment and management, initj.ated small applied research projects,
cooper.rted with research staff in black spruce c1ona1 tests, and provided
technical assistance as requested.

A. TREE IMPROVEMENT PROGRAMS

Based on existing tree improvement programs and expected demancl

for seed in the regeneration program, draft proposals for future tree impro-
vement strategies in black spr:uce, jack pine, and white spruce have been
written. These plans have been presented to each districto and finalized
ver:sions will be written incorporating appropriate changes or modifications.
As soon as each long term plan is approved, operational tree improvemc-n[
can commence.

B. SEED COI,LECTION AND PRODUCTION AREAS

At this writLng, a ner^/ black sl)rucc SPA has beert extablished in
Cochrane Districti a new black spruce SCA has been proposed in Hearst
Di.strict, and a Lrew jack pine SCA has been proposed in Chapleau District.



L22

C. APPLIED RESEARCH STUDTES

l'1e1d grafting

Ia/ith the cooperation and assistance of the Kirkland Lake District
staff, a jack pine field grafting study was initiated in late May, 1981.
This study is designed to test the success and performance of the field
grafting procedure in jack pine,

In early June, 1981, f ield graf ts of black and white spruce ri/ere
made at the Bonner Tree Improvement Center, Moonbeam, Ontario" The ob-
jective of thj-s study is to improve the success and performance of spruce
graf ting .

2, Fertilization and subsoiline

In an effort to apply proven methods of floroer promotion developecl
in other species to black and white spruce, a study investigating the
effects of ammonium nitrate fertilization and subsoiling was initiated in
mid-June, 1981. Two 1eve1s of fertilizer arrd two depths of subsoiling werre
applied singly and in combinat-ion to stdnds of black sprrlce (aged L2-20
years) and white spruce (aged 14-20 years).

D" BLACK SPRUCE CLONAL TESIS

In cooperatj-on with the Ontario Forest Research Center, Mapleo a
black spruce cl.onal test ni1l be outplanted in the Northern Region in the
spring of 1982. The planting stock will be rooted cuttings taken from
control pollinated families of plus trees selected from the Northern Region,
Clonal testing offers several advantages over traditional progeny testing.
There is no need to accumulate large quantities of control pollinated sedd"
Additionally, clona1 tests a1low estimation of non-additive variance c'.om-
ponents, and do not require large plots and many replications"
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One of the primary objectives of the tree improvement program in
Ontario is to establish improvement strategies for our major commercial
species accordi-ng to seed zone and seed need. Although some of the programs
have been underway for several years, advances in breeding knowledge 

'changes in technology and changes in anticipated seed requirements have
necessitated rnodificaEions to some of the earlier strategies.

The growing awareness of the need to produce genetically im-
proved seed has resulted in improved funding, staffing and facilities"
Since the beginning of 1979, the number of regional programs and supPort
programs has increased substantially.

This paper r^rill highlight some of the changes and the current
status of tree imurovement in the Pr:ovince.

TREE IMPROVEMENT STMTEGIES

Tree improvement strategies have been developed for white spruce
(Pice:e gl_auca, (Moench) Voss ) , black spruce (P. mariana (Mf 11. ) B. 5. P. ) r

-jack pine (Pinus- banksia-na Lamb.) and white pine (!. st_1otug L.). The
si-ze of each program is based on such factors as the projected seed nee-d
for a seed zone, seed periodicity of the species and seed yleld per tree
at various ages and under different management systems. Strategies are
being developed for other species such as black walnut (Jqglgns nigra L. ),
white ash (Frg+nug a-merica_na 1,.), tamarack (!gEU l_arici.na (Du Roi) K.
Koch. ), European larch (!. decid.ua Mi11. ) and Japanese larch (t . _lgPq"fgj5
(Sieb. and Zucc.) Gord.).

More seed collection and seed production areas are being estab-
lished i-n order to provide larger quantities of seed from controlled
sources. These areas will provide large quantities of seed until the seed
orchards come into production. Depending upon the characteristics of ar

species, ei-ther clona1 or seedling seed orchards are being developed.
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Some decisions have been made on matirrg designs and test procedures to
evafuate the seed orchard material, but further: discussions are stil1
required with Minj-stry research staf f .

STA}'FING

The nrrmber of individuals specifically assigned to work in tree
improvement has increased since the beginning of 7979. In the presenr
organization, the provi-ncial tree improvement and tree seed program is
co-ordinated by one silvicultrrrist and supported by a forester and a part-
time clerk. Prior to July 1980 ther:e \das only one field tree improvemenE
specialist in tire Province with the responsi,bility of covering the 4
northern regions. In July 1980, a second field position was created to
cover the 4 southern regions and in Oc.tober 1980 a third speci-alisL was
hired by one of the northern regions to hasten the implementation of itsr
tree improvement program. These- fie-1d specialists provide the much needed
guidance and support to the field staff and are able to co-ordina6e many
of the programs at both a Regional and District level.

Due to the shortage of trained tree improvene-nt personnel in
ontari-o , a 2-year training position \.{as establishecl in 1980 under the
direction ol'Head Office. Training is provi,Jed by research staft- at the
ontario Forest Research centre and by some of the field specialists.

l-n a related program, the Ministry h:ired a vegetative propagation
specr'-alist who is responsible for determi,ning how to manaple cutting donors
to obtain maximum numbers of cuttings and to retain juvenility of the donor,
for determinlng the best technology for rooting and for mass propagating
selections for testing and production,

FACILITIES

Crafting facilities have improved, but are sti11 insufficient to
meet the needs of the improvement program. up to Lg7g, there were only 2
grafting centres in the Province, but a third arrd fourth were established
in L979 and 1980 respectively. These 2 new facilities have doubled the
annual grafting capacity of the program from approximately 12,000 grafts
to 251000 grafts. Within the next two years, 2 more nurseries should have
grafting facilities that will frrrther increase anrfual production capacity
to 40'000 grafts and this will be sufficient to provide the required
material for the establishment of clonal seed orchards.

A large greenhouse expansion project. is currently underway within
the Province i-n order to acconmodate the need.s of the container stock
produc-tion program. One nursery has already provided space in their new
complex to grow seedlings for: the seedling seed orchard program. As seed
is collected from superior tree selections and as the greenhouses are
completed throughout the Province, it is expected that additional space
will be available as required.
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Space has been reserved at several nurseries for the planting of
clone banks and breeding orchards, as the nurseries have access to the
manpower and equipment necessary for the intensive management of these
areas. Additional scions for clonal expansion of the production orchard
will therefore be of better quality, more numerous and available in a
shorter period of time. Anticipated ear:1ier flower production i-n these
areas will also allow the breeding program to progress more quick1.y.

REGIONAL PROGRAMS

Regional tree improvement programs have been underway for many
years but these are presently very smal1 and insufficient to meet the seed
requirements of artificial regeneration programs. Most of their emphasis
is in the selecti-on and development of seed collection and seed production
areas and in selection of plus trees for seed orchard establishment. Tn
recent years the Regions have increased their emphasis on tree improvement
with initiation of new programs and enlargement of established programs.
A brief summary of work underway in the eight Regions follows.

Northwestern Region

Tree improvement work in this Region is centred around black and
white spruce. For the past several years, plus trees have been selected
ilnd scions grafted for clonal orchard establishment for both of these
species. In L919, the Region establ-ished its own grafting centre with an
annual capac',ity of approximately 5000 grafts. Selections of white spruce
will conti-nue to be grafted until the clonal orchards are large enough to
ultimately produce the projected seed requirements. Black spruce grafting
and clonal orchard establishment have presently been dj-scontinued in
favour of seedling seed orchard development.

The Region embarked on an ambitious program for black spruce in
1978 with the selection of approximately 3500 plus trees within the seed
zone fot each Administrative District. Cones were collected in 1978 and
1979 ar'd the seed extracted by individual seed lots and 1n the spring of
1980, several hundred seeds per lot !r'ere sown 1n its greenhouse complex
and later transplanted to the nursery in the fa11 of 1980. The material
will be field planted in the spring of 7982 to establish seedling seed
orchards and simultaneous progeny trials on sites previously selected in
all Districts within the Region.

Northcentral Region

The emphasis in this Region is also on black and white spruce,
Plus trees have been selected j-n both of these species for many years and
several clonal orchards have been established and some of these have
started to produce sma1l quantities of seed. With the establishment of a
grafting centre in the Northwestern Region the grafting facility in the
Northcentr:rl Region can now accommodate more of its own maLeri:il and their
plus tree selection targets were increased accordingly.
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Northern Region

The Northern Region iras de,railed improvement strategies pre-
pared in draFt form fclr whlte spruce, black spruce and jack pine. These
strategies summarize ttte rationale for ttre approach for a species, work
done to date, future work as lvell. as some proposed time frames. These
outlines will form the basis for annua-1 work plans and budgeting schedules
for the indlvidua1 districts withj-n the Region. A11 seed collection areas
and seed production areas are being evaluated and recommendations are
forthcoming for their futur:e management. The Orono nursery located in the
Central Region has recently devet-oped grafting facilities which presently
accommodate the Northern Regionts program. This a.1lows for increased
emphasis on the selection of plus trees for both black and r+hite spruce as
well as a regrafting program of earlier selections to increase the size
and number of clonal production orchards already establistred for ttiis
Region. A 10-year manaElement and operaring plan is in preparation for the
Bonner Tree Improvement Centre, ruhere several of the proposed seed orr:hards
for the Region wil.l be developed.

Northeastern Region

This Region is in the process of developl-ng tree improvement
sLrategies for its major species. Major emphasis to date has been on the
selection of plus trees of white pine and white spruce. In 1980 a selec-
tion program for superior jack pine was initiated and seed collected
on an individual tree basis similar: to the bl:rck spruce irrogram in t-he
Northwestern Region" When a sufficient number of selections have been
made, the material will be used for the establ-ishment of seedling seed
orchards and progeny trials.

Algonquin Region

A tree improvement strategy has been developed for this Region?s
most important species, whi.te pine. Nearly 200 plus tree selections have
already been made and clonal orchards are being established. A regrafting
program to increase the number of rarnets per clone will be gettlng underway
to enlarge the orchards to their desired size. White spruce -is another
important species for this Region and will receive addj-tional emphasis now
that the white pine program is well underway.

Eastern Region

The major improvement program in the Eastern Region is the poplar
program. Some of the work includes propagating select clones provided by
Dr. Zsuffa of the 0ntario ForesL Research Cerrtre, est:rblishlng clonal
Erials under various management systems and on different sites, plus tree
selection of the native poplar species throrrghout the Region and propa-
gation of these plus trees both vegetatively and sexrrally,

As well the Eastern Region 1s currently evaluating all of thelr
seed collection areas, seed production areas and seed orchards. Based on
these evaluations and the projected seed requirements for the Reqion^ rrrre
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improvement strategies will be prepared for the other important species of
this Itegion. Improvement progLams at:e underway for white sPruce, whi-te
p j.nc, tarnarack , Iiuropean and Japanese 1arch. In 1980 the f irs t material
f<;r the establis;lunent of a European x Japanese hybrid larch orchard was
planted.

Central tlegion

A white pine tree improvement strategy has been prepared for
this Region and in 1980 the number of plus trees selected and grafted was

substantially increased in order to accelerate the development of their
white pine orchards. Greater emphasis has a-lso been placed on the estab-
lishment and management of seed production areas for both white pine and
white spruce. This Region is also participating in a blac,k walnut improve-
ment prograrn and is actively seeking a suitable site for the development
of black walnut orchards.

Southwestern Region

Most of the valuable species in this Region are hardwoods and
most of their effort is in stand management rather than tree i-mprovement.
There is a program to select superior black walnut trees and to propagate
these selections through grafts and by seed. White pine is also a

commercially important specles in this Region and efforts have increased
in the selection of superior trees for the development of c1ona1 seed
orchards.

SUPPORT PROGRAMS

In order to provide ansl^/ers that are needed in planning and
developing our major tree improvement programs and to provide information
ttrat will assist the field staff in understanding and carrying out the
work programs, many short-term support projects have been initiated and
funded by the Forest Resources Branch of the Ministry. Although some of
the projects are under the direct supervision of the Tree Improvement
Silviculturist or one of the Regional Tree Improvemeilt Specialists, most
of these projects are carried out by research scientists and support staff
at the Ontarlo Forest Research Centre, Petawawa National For:estry Institute
and the Faculty of Forestry at the University of Toronto as well as by
pri-vate consrrltants. A list of some of these projects follows.

Identification, selection and evaluation of black walnut and white ash
throughout their range in Ontario. Preparation of a tree im-
provement strategy for these species.

Identification of remnant stands of white spruce throughout sorrthern
Ontario. Collect seed and/or scions Lo retaj-n the gene pool of
the important populations. Preparation of a tree improvement
str:atesv based on the material available.

1)

?\
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3) Determination of cone and seed yields of black spruce on currenr,
l-year-old, and 2- to 4-year-o1d cones for various stand age
classes throughout ttre northern part of the Provlnce.

4) Mapping of soils in all seed orchard.s and proposed seed orchard sites
throughout the Province.

5) Determination of vari-ation in wood quality of tamarack.

6) Development of policy statemenLs on establishment and management of
seed collection areas, seed production areas and seed orchards.

7) Publication on the cone initiation and seed development of jack pine.

8) Publication of a seed collection manual that includes information from
collecti-on procedures to cone, fruit and seed yields by species.

SUMMARY STATEMENT

Field staff as well as senior manageri-al staff are becoming
increasingly aware of the benefits that can be derived from tree improve-
ment. The annual increase in program and budget requirements is indi-
cative of the increased efforts in this field. The many programs that
are underway and those being developed will ultimately provide the geneti-
cally improved seed that is required for our arti-ficlal reseneration
Program.
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WHITE SPRUCE GENE POOL PRESERVATION IN SOUTHERN ONTARIO
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A survey was initiated in 1980 to identify remnant populali.ons of
white spruce (Picea g!""_.g (Moench) Voss) in southern Ontario. The project
is the result of pasr provenance trials which indicated the probability of
fast growing populations of white spruce in southern Ontario, with the
famous Beachburg source being one example (Teich el el. 1975). The survey
will for:m the basis of a subsequent research program to group sources of
similar growth potential and evaluate differences in terms of collection
and distribution policy in southern Ontario. Plantations will be
established to preserve this gene pool and the selection of plus trees for
site region 6E (Hills f960) seed orchards r^ril-l be based on this survey.

WI{ITE SPRUCE

Past provenance trials indicate potential gains in rate of growth of
between 10 and 20% after twenty years growth through the se-lective use of
seed sources. It is apparent that even within site regions, the differ-
ences are well worth exploiting. This is particularly important in
southern Ontario where only residual stands and scattered trees remain
from some of the apparently fast growing southern sources.

Two valuable southern Ontario populations were identified in the
Lake States and in trials across eastern Canada (Nienstaedt and Teich
L972). Beachburg and Peterboroug,h sources exceeded the experimental mean

heights by ,rp to 407" in a wi<]e range in test sites. Ensuring future seed

supply from fast growing populatiols wi]1 improve the potential produc-
tivity of the over four hundrecl hectares of white spruce plantations
established acr:oss site region 6E annually.

Inventor:y maps and reports will be prepared for each of the four
administrative regions in southern Ontario, l'lased on population groupings.
A plan of plantation establishment will be prepared to preserve promising
sources, to test relative potential growth of different sources and to
provide for future seed collection of these sources. Plus tree selections
will be made from promising sources within each population to establish
seed orchards.
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The methodology for surveying white spruce has been set up and ground
and aerial surveying for the Central Region iras been carried out" A
report on existing whi-te spruce gene pools j-n [his region is presently
being completed.
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Poplar and white pine breeding progranrs have been ac: t-jve ar MapIe since
rnid 1940's. RecentLy, in addition to poplar. will.ow and alder breeding ltas

started for biomass production in short rotations. In this report, tlte
work and accomplishments irr the period fronr 1979 to 1981 are srrmmarized.

Since 19800 the author has offered courses in genetics at undergraduate
and graduat-e levels. The initial. ac:tivitles at the Faculty of Forestry,
University of Toronto are summarized in this rePort-

POPLAR BREEDING

Work ccrntinued as outlined in the prog,ress report for 1977 and 197B (.Zstttfa,
1 980). I,opulation studies, gene-pool co1 Lections and sel ections in tren-
bling aspen (P. tremuloides iulichx. ) and balsam poplar (P. balsamifera t,. )
were sLarted, and studies into resistance of poplar clones to diseases and

insects were irritiated. Karyotype studies in Populus were re-activated.

SLudies in Native Poplar Species

In eastern cottonwood (P. deltoides Marsh), ttre identification of the
species-range in Ontario and the selection of representative female-tree
specimens have almost been concluded. The analysis and propagation of
this material is in progress. To date, 37 selections were made, l2
propagated by cuttings arrd 27 prop;:gated by half-sibs.

In trernbling aspen and balsam poplar, genetic variation studies and
collectionsrwere initiated in cooperation and under contract with Dr..I.
Eckenwalder'. The collections are being made (in 1981 ) accordj.ng to
Hil1st site districts. Several sites are sampled within each district
and five trees selected from eac.h site. Seeds and vegetative propagules
are collected, as well as dala to allow taxonomic and genetic.
evaluations.

l' Department of Bctany, University of f'oronto
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PoLlinatiorr

In early 1980, the following crosses were made:

Parentage No. of Combinations
(female x male)

deltoides x nigra L.
deltoides x Maxi_rnplviczii Henry
grandidentata Michx x alba L.
grandidentata x canescens (act) Sm

tremuloides x tremula L.

Thirteen hybrid progenies \Arere producecl from the 20

In early f981, the following crosses were attempted:
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alba x grandidentata
alba x nigra
alba x tacamahaca Mill
(grandidentata x canescens )
(grandidentata x canescens)
(grandidentata x canescens )
(grandidentata x canescens)
(grandidentata x canescens)
deLtoides x deltoides
deltoides x nigra
deltcides x Maximowiczii
deltoides x tacamahaca

"tsr" l< d"lt;Ia;;-
nigra x Maximowiczii
nig,ra x tacamahaca
tacamahaca x deltoides
tacamahaca x Maximowiczii

deltoides
tr emul aI*.T"."
nlqra

femal.e parent produced good
the crosses are very variable,

x alba

tac amahaca x nigra

Most of the crosses with P.
seed, while the results wTffr
with many failures.

deltoides as
the rest of

Progeny Trials of Interspecific Hybrids

The full-sibs produced by artifical pollination have been planted in
the field, in replicated field tri-als. These trials provide information
on genetics and combining ability, and are also important sources of
new clonal material. To date, nine progeny trials of interspecific
hybrids have been established in southern Ontario. and three in northern
Ontar io.

New Clonal Selections
rn 1980/81, ttre first clonal selections were made from 4 and 5-year
old progeny trials of interspecific hybrids. The outstanding ortets



selected were of P. deltoides
parentage (2 clones f."* .".ni

IJJ

x Maximowiczii and del toides x nlgrap

Poplar Disease and Insect Resistence Studies

Studieg have been initiatgd in cooperat j on and under contract wi.th Dr. Iil"
I{ubbes' and Dr. R. Morris-. Investigations }rave been conducted in cIonal
trials across Southern Ontario. The disease survey concentrated on resis-
tance to rust (Melampsora spp"), Marssonina leaf spots, Dotchichiza canker
and Septoria canker, while the insect survey focused on Cryptgltrlngbgq
lapathi L. and Prodiplosis morrisi Gagne. The data collected is useful
in breeding and clonal selection, and contributes to the understanding
of resistance mechanisms in poplar.

Cytogenetic Analyses

In cooperation and under contract with Dr. G. Iriiion-, chromosornes in
mitotic and meiotic divisions were studied in Popril.is intersecLional
hybrids and in trees which were treated witft p"Tlpioi-ay-inducing agencs
at an early stage (Zuf^, 1968). In some of thesr: latter trees, the
status of polyploidy was reinstated. Several hybrids showed a signi-
ficant level of meiotic abber:ations, which could lead to steriliLy.

BREEDING OF OTHER FAST GROWING DECIDUOUS SPECIES

Pr:ograms in willows (Salix L. spp) and alders (Alnus I4i11 spp) were
ittitiated. An expansion and intensification of these programs is expected

In wiLlows, the selection and collection of specimens of importance for
biomass production and their taxonomic identification tras started in
cooperation and under contract with Dr. J. Eckenwalder. Ttre sampling
is according to Hillst site districts and includes plant material for
veg,etative propagation and documentation of the collection.

An exploratory study in cytotaxonomy of willowq has been accomplished in
cooperation and under contract with Dr. Y. Raj'. ilhe 2n chromosome
numbers were checked in root-tips and expandirrg leaves. Species and
interspeclfic lrybrid specimens were included in the study. The results
wiIl contribute to the knowledge of taxonomical and genetical relation-
ships in Salix species and hybrids and will help to formulate an effective
breeding program. The study is continuing as part of the regular program.

In alders, a worldwide collection of specimens (nalf-sib seed col.lection)
was started in cooperation with the International Energy Agencyts Forestry
Energy Program. To date, the following collections have been obtained:

- rrores sor
University

of Forest Pathology and Entomologist, Facrrlty of Forestry,
of Toronto (respectj.vely)

- A""ociate Professor of Botany, Erinclale Colj-ege, University of Toronto
- Geneticists, Ontario Forest Research Centre, Maple, Ontario
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f. ( l8 collections ); Alnus cremasto Burk (l)rr \ro c()!recLrorls,/; Arnus cle4ag:L,ggyne l,urK \t,,
L.) Gaertn. (i:); elnFh'ir;ir" aspacti) nupr. (1
Moenck spp. Lenui fol ia tlutt ( 5 ) : Alnus iaponica

; Alnrgs .jorullensis H"ll .t(. (1); Alnus nepalensis1\tnus .Joru I rens ts H" lJ. t(. l. r / ; Af nu9 nepaleqs ls
rubra Bong. (a5); Alnris s!1qara (Reg) nyau. (4)

Itand. (1); Alnuq,virj-dis DC ssp. flgticosa Rupr

The hybridization of alders by artif ical poll ini.ition on br:ttle-graf tecl
female-cones bearing branches was successfully attempted in A. glutinosa
x rubra.combirtation" The vegetative propagation of A. glutinosa and A.
ruEosa (Dtr Rcli ) Spreng by rooting l. lg,rrif icd anci g,reen-wood cuttings in
tented rooting beds was successful.

WI1ITE PINE BREEDING

Wtrite pine bree<ling continued as outlined in 1977-78 progress
report (Zsuf f a, l980). Nerw series of j.nterspeci f ic hybri ds were
produced by ar:tificial pollinatiotr. A s[udy of b]ister rust
resistance factors was initiated.

Progeny Trials

I'o date, 85 half-sibs of plus trees have been included into six progeny
trials. Of these, two are already outplanted, three are i.n nursery becls
and one is in the gr:eenhouse. Tl-re goal is to s ingle out Lhe best com-
biners and to identify superior progenies. Early resrrlts indicate very
significant differ:ences in progeny performance"

Pollinatior-r

In 1980, artifical poll.ination was performed in 290 parent-tree combin-
ations, including crosses of P. griffithii Mcclel land x strobus L. ,
P. gri,f f ithi i x (peuce Griseb x srrobus), p. grif f_ilhii x cembra L. v.
sibir Lca Loud, P" .Ej_.S x pumill Reg", I,- s!rq!qs_ x cembra v. sibirica,
P. strobus x peuce, P.- strobus x purnrla, P= (monticola Lamb x peuce) x
strobus.

Rangewide Sanpling of f. griffj thj i

Rangewide collection by IUFRO of tlimalayan whit-e pine was obtained,
and the seedlings outplanted in three areas in Southerrr Ontario. Early
results suggest that only trees from very restricted scurces frorn mountain
altitudes can grow in Ontario.

The Pactors of Blister Rust Resisrance

A study of protein patterns in needles of blister rust resistant and
susceptible clones was initiated in cooperat-ion and under contract with
Dr. M" Hubbes. Needle samples were t-aken during the growing season from
trees inoculated and free of disease. Early results indicate quantitative
and qualitative differences i.n needle proteins of resistant and suscep-
tible clones.
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FOREST GENETICS AND TREE BREEDING AT THE
FACULTY OF FORESTRY. UNIVERSITY OF TORONTO

Since 1980, forest genetics and tree breeding has been offered as an
elective one-term col.rrse for undergraduate students, and as a two-term
course on the graduate level. The course is lecl by the author of this
report, and assisted by tree breeders and geneticists of the Ontario
Ministry of Natural Resources.

The fal1, 1980 undergraduate program was attended by 35-4th year students.
The graduate course was taken by three students. One Ph.D. candidate (Ms.
K. Falusi) was accepted and started work ontlGenetic variation in balsam
poplar (P. balsamifera L.)", while the acceptance of another Ph.D. candi-
date is pending.
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Changes in personnel and program development are reported for the
Tree Genetics and Breeding Project at P.N.F.I. A11 vacant positions have
been filled as of Julv 1981.

A total of 60 foresters and technicians from Newfoundland to
Manitoba attended three one-week courses to train Instructors in Tree
Climbing for seed collection and breeding.

Research studies in jack pine have continued. Studies in red
pine and Scots pine are on a maintenance basis. Jack pine range-wide pro-
venance test data from New Brunswick, Quebec and Ontario were anaLyzed.
Seed of selected Quebec provenances was sent to Dr. Darroll Skilling, U.S.
Forest Service, for testing for resistance to the European strain of
scleroderris canker. Work in cooperation with Ontario Ministry of Natural
Resources included initiation of a jack pine seed orchard in Algonquin Park,
establishment of northern tests of provenance hybrids and detailed discussions
of applied breedinC of jack pine in Ontarj_o"

Research activities with spruce, larch and hardwoods are described
elsewhere in these proceedings by G. Murray and T. Boyle.

PERSONNEL

Changes in personnel, organization and responsibility following
the formation of the Petawawa National- Forestry Institute in April 1979 were
outlined in the previous Proceedings (Carlis1e 19B0).

Dr. Gordon Murray joined the Project in August 1980 as leader of
genetic research studies in deciduous hardwoods and larches. He subsequently
assumed senior responsibility for studies in white and Norrvay spt:uces.

In January 1981, Mr. Timothy Boyle, formerly U.K. Forestry
Commission, accepted a position of forestry officer and assi.stant geneticist,
working prirnarily with Dr. I.{urray. Tim is to undertake graduate studies at
the University of New Brunswick, commencing fall, 1981.
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Dr. E.K. Morgenstern, f orrnerly Pr:oject Leader, lef t PNIiI irr
January, 1981, to take the position of Professor of Forest Genetj-c.s at
University of New Brunswick, Frederj-cton, The author was appointed Project
Leader and assumed senior responsi-bjllty for blerck and red spruce sEudies.
The vacated position was designateci forestry officer and assistant geneticist
and staffed in May l98l by Mr. W.t4" Cheliak, Dept. of l;orest Science,
University of Alberta. Bill will remain at the University until spring 1982
to complete his Ph.D. studies on popirlatioo struc.ture and mating systems in
jack pine.

Dr, Nikhil Bhattachar:ya, N"R.C. Post-doctoral Iel. lowo undertook
studies of isoenzyme patter:ns of slrnrce ancl pine l'rom September 1978 to
December 1980 in collaboration r,rith Dr. Mu.rray during the period of the
lat ter I s sabbati-cal- leave .

Mr. Jack Pit.el, BioJ-ogistn and Mr" Garry Scheern Technician, trans-
ferred from the seed to the Geneti.cs Projec,t in April 1981. Jack j.s respons-
ible for the isoenzyme laboratory, analyzing seed and vegetal:ive materials
supplied by the resear:ch geneticisLs and also continuing to assi.st the Seed
Project with biochemical analyses.

Mr. Paul Viidick retired as Superintendent of Planting Operat-ions
in December, 1980, [o be succeeded by Mr. Tom Nieman who was formerly
technician responsible to Lhe author for work in Lhe Jack pine study. The
latter position was occupied in July l-981 by 1"1r. Peter Copis, who transf erred
to PNFI from the Great Lakes Forest Re-search Centrr:, Sault Ste. Marie,

To complet-e our present complement, t'lr. Bazil. Corbett has been
appointed to a ner,r and much needed position of Greenhouse Foreman. Ba.zi)
is a skilled grafter and i-s very knovleclgabie of a1-l practical aspects of
tree propagation following some seventeen years wor:king with rrs on a seasonal
basis.

TRAINING

In additjon to regular duties, the technical staff of the Genetics
Project, together with Mr. Ernj-e Gilchrist of fhe Seed Project, :assisted the
author and Mr. Dave Winston in condur:ting three one-week courses in Tree
Climbing, Genetics and See.d, two in 1979 and one in 1981. Some 60 Canadian
foresters and technicians earned llree Clirrbing Tnstructor's CertificaLes
following practical and written examinations orl safe tree climbing for seed
collection and tree breedine.

Lectures, Lechni-cal demonst-rations and field exercises were given
in 1980 and L981 to students of Forest Technolog5', Algonquin Col1ege,
Pembroke, in conjunction with their sllviculture coLrrse. Brief genetics
tours were also given to students from Toronto l.iniversiEy School of l'orestry
and to third year forest tectrnologists from Sir Sandfor:d Fleming College,
Lindsay, Ontario"
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JACK PINE GENETICS AND BREEDING

Provenance

Analyses of l-5-year growth data were completed for range-wide
provenance tests planted at 72 locations in New Brunswick, Quebec and Ontario.
The results corroborated those of the lO-year measurements and will be
published. Clirnatic adaptation remains the dorninant feature of provenance
differentiations and genotype environment interaction at the population
1evel. Local provenances are among the best in survival, growth, winter
hardiness and disease tolerance at all sites with the exception of that
at Caramat, north of Lake Superior and east of Lake Nipigon. Here trees
from populations to the east and west within the boreal region are superior
in growth, and trees of certain Quebec provenances had the lowest rates of
infection by scleroderris canker (Cr.gggr"lfu abietina ILagerb] Morelet).

Uslng seed supplied by the author, Dr. Darroll Skilling, U.S.
Forest Service, found certain Quebec sources of jack pine to be tolerant to
infection by the European strain of scleroderris canker in tests conducted
in Upper New York State. The same seedlots also had a 1ow infection rate
of the North American strain when tested in Wisconsin (Skilling 1981;
D . D. Skilling , pers . cornm. ) .

Provenance hybrids wer:e planted in 1980 at Petawawa and at two
locations in northern Ontario, Kirkland Lake and Fraserdale. Inspection
in the late spring, 1981, revealed clear patterns of winter damage at the
northern test sites. Detailed analvses will follow.

Selecti-on and Progeny Testing

The first plantings were made in 1980 in the establishment of a
demonstation jack pine seed orchard at Spoor Lake in eastern Algonquin Park.
This applied research is being conducted in close collaboration with Mr.
John Wilson, forester, Algonquin Park District, Ontario Ministry of
Natural Resources. The project is also assisted by staff and students of
the Forestry Department of Algonquin College, Pembroke.

The objectives are to: provide basic quantitative information of
genetic parameters of jack pine; build a foundation population for research
in advanced generation breeding; develop operationai- methodology and record
costs for seed orchard management and the establishment of a predigreed
breeding population; measure real gain achieved in productivity and
quality of jack pine: and to produce genetically improved and regionally
ad.:pted seed for use in Algonquin and Pembroke Districts.

Pedigreed and mass-selection components of the seedling seed
orchard were planted as well as a demonstration clona1 orchard of grafted
stock; progeny tests of over 300 open poll-inated families are underrvay;
and grafted clones of the parental plus trees are being establ-ished in a
breeding arboretum.
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Breed ing

A diallel pollination scheme-, includtrng selfs and resi-procals, was
completed among seven trees of 1ocal origi-n. ft has taken several years to
accumulate a mlnimum of 400 seeds for each combination. One of the randomly
chosen trees proved to be a particuiarry recalcitrant seed parent.

Seed c.ollection was also ccimpleted and Ltrre seed sown for a test of
combining ability among plus trees rvithin and between superior brrt
geographically separate provenances growing at Fetawawa. Br.rlked seed from
mass-select.ed trees growing in yorrrrg regeneraLion of fi.re origi-n formed the
basis for a short terrn (l-0 years er 1.ess) nurser:y test ptr-anted at two
spacings in 1981. The mass-selected maLerial Is being compared with three
control lots of local orisin.

Extension

Consultations were held rvj-th the Canadian International Paper
Company concer:ning a jack p:ine breeding program for company forests north
of LaTuque, Quebec. Detailed discrrssions were held with geneticists,
breeders and field staff concerning appliecl breeding and seecl production
of jack pine required for c.entral and norLhern Ontarj.o.
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The program with red. spruce (Pi.cea rubens Sarg. ) and black
spruce (Picea mariana [uirr. ] e.S.P. ) ai-mJTo develop a scientifie basis
for thej-r genetic improvement. During the last tvo years some progress
vas made in measurement of erperiments, the analysis of resul-ts and their
publication.

This wilt be ny last report from Petavawa. On l- January IgBl- I
ioined the Fn.r-rrll-.rr nf tr'nrcqi.rv at t.hp TJnirrcrsitrr 6f Nev Brunswick.wIIvrq9uIvJIvr9purJ

PROVENANCE EXPERIMENTS

Red spruce

Resul-ts from the nine experiments establ-ished betveen 1,958 and
1950 in eastern Canad-a have been published. jointly with Drs. Corriveau and
Fovler (Morgenstern et at., l-98t). The tvo most important find.ings at ages
l-5 and. 22 years from seed were: (t) provenances from the southern
Appalachian Mountains are not suitable for reforestation in Canad.a, ana (2)
the effeets of introgressive hybridization with bfack spruce were still
evid-ent in this particular sample of provenances and infl-uenced the results
more than latitude, elevation or precipitation at the place of seed origin.

Rl q nk qnrl1^e
vrr *ev

The five Ontario experiments in the range-wide stud-y were
measured in 1979, i.e. at the age of 10 years from seed.. The effects of
grass competition and frost d.amage had not been overcome in some exper-
iments so that a comprehensive evafuation r{as consid.ered. premature.

The earlier stutly, initiated in 1953 primariiy wj.th Oat,a.r'-io
provenances' vas remeasulred in 1978. Strong interactions were observed.,
with very d.ifferent responses at Chalk River and Kirkland Lake. The re-
sults wil-l- be published,.

1/ Present address: Dept. Forest Resources, Univ. New Brunswick,
Bag 44555, Fredericton, N.B. E3B 6Cz
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PROGENY TESTS

Ont n.ri o Fegi on ?E

The seven open-pollinated progeny tests in Kirkland. Lake,
Cochrane, Kapuskasing, Hearst, Chapleau, and. Wawa (formerly White River)
Districts cornpleted their sixth year in the field and r^rere measured. for the
first time in the faft_ of 1980.

Ontario Regions 3W and )+S

These tvo test series, planted i-rt 1976 and, 1977, respectively,
were visited and some rnai-ntenance performed by the cooper.ating forest d.is-
tricts. Their cond.ition is generatly satisfac'bory but minor maintenance is
still required.. fn several of thern more spring frost d-amage was observed
Lhan one would expect in this species, and. some mortality due to Armillaria
me]-l-ea fVatrl ex Fr.] tcumrner vas al-so id-entified..

Control.lerl cros ses

In L979, two add.itional- Petawawa experj-ments vere measured.:\ ^. - -a) a field experiment vith provenance hybrids (n"p. 358-8), b) the clial-Icl
cross of 1970, vhich eonsists of four test plantations. The data vere
sunmarized. and. stored in the computer.

SEED PRODUCTION

Messrs. J.A. McPherson, B.S.P. Wang and I analysed. the seed pro-
duction of the grafted. clonal black and vhite spluce (Picea gfauca [tUoench]
Voss) seed. orchard.s of Kimberly-Clark of Canad.a Ltd. at Longfac, Ontario.
The orchards had been grad.ually establ-ished since 1950 and. have been mon-
itored since I9TO. Although there was vide fluctua.tion from year to year
in fl-owering, all ramets fl-overed in the best seed. years. In fgBO a bumper
crop was harvested in the white spruce orchard.. The two orchard.s are pro-
bably the oldest of their kind in Canada and statistics from them vi]l be
of great interest. A paper has been submi'bted for pubJica'bion (McPherson
pf q'l 'l ORI 'l

. a L/vLr.
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laricina seed collection,

Responsibility for studies of natj-ve and exotic larches (L"ri"
Mi1l.)' black walnur qglggq nigra L.), white and green ash (praxirurs
aBericana L. and Fraxinus penniytvanica Marsh. ), and Norway mapte-@cerplatanoides L.) was assumed by Dr. G. Murray in June 1980 when he fined
the position left vacant for about 18 months following the resignation ofMr' R.F. Calvert. During this interim period, work aiready staited, much ofit involving cooperation wi-th other agencies, was contlnued by Mr. John Veen,research technj-cian, with the guidance of Dr. Morgenstern and Dr. yeatman.
Since June 1980, a review of the work in progress has 1ed to some changes inpriorities, the result of which will be to direct more attention to genetic
studies on 1arch.

LARCHES

Exotic larches

Plantations established at Petawawa in 1953 and 1961 with different
seedlots of European larch (!gEI gggg"" Mi11.), Japanese larch (Larix
leptol-epis ISieb. and Zuce.] Gord. ),-ana--ttylrid larch (L"EI 

",rroi.pi" nenry)
were thinned during the winter of 1979/80. This thinning- the purpose of
which was to favour selected trees, yielded an estimated 145 cubic metres
of merchantable larch logs f rom a total area of 1. B hect.a.res. The bulk of
these thinnings was used in tests of pulping and paper making properties
conducted by Domtar technical services staff at their plant in East Angus,
Quebec. Results of this work will be published.

Seed of 79 seedlots of Japanese larch, representing collections
from trees in native stands in Japan and in plantations in Japan, Europe,
and Canada' were sown in containers at P.N.F.I. in June 1978 and the seed-
lings were transplanted in the Ontario Ministry of Natural Resources(0.M.N.R.) nursery at Kemptville in August of the same year. In 1979 thesetrees were planted by O.M.N.R. at two locations near Cornwall and Ottawa,
and by the Canadian International Paper Company (C.I.P.) near Trois RiviEres,
Quebec, according to a design for a seed production area suggesced by
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Dr. C.W. Yeatman. The objective of this design was the creation of seed
production areas in which five percent of the trees planted would ultimately
be retained for seed production following selection for hardiness, freedom
from pests, growth rate, and stem and crown form.

About 45 of these Japanese 1arcl'r seedlots were also included in
several plantations established in eastern Ontario in 1980 as part of the
ENFOR (Energy from the Forest) program carried out by O.M.N.R. under contract

Scions from superior phenotypes of European larch selected in
P.N.F.I. plantations r^/ere provided for inclusion ln Japanese x European
hybrid larch seed orchards being established by 0.M.N.R. near Napanee, and
by C.I.P. at Harrington, Quebec. Scions from these and other selected trees
have also been grafted at P.N.F.I. wher:e they will be used in future breeding
work.

Native larch

Since 1977, cooperators in the range-wide provenance study of
tamarack (L"Ig laricina [Du Roi] K. Koch) have received requests for
coll-ections of seeds from stands in given areas. Responses to these requests
have indicated a high level of interest in this study, but poor seed years,
seed losses to insects, and the short period between cone maturity and seed
fa11 have made collection of the required seed very difficult. For example,
cone collections in the maritime provinces and in the state of Maine have
yielded no significant amounLs of seed. Cones have been received frorn 35
different stands in Ontario, but in only eight cases have these yielded
adequat.e amounts of seed from ten trees in the stand. No collections have
been made in Manitoba, while seed were obtained from four stands across
central Saskatchewan, and from one stand in Wisconsin. Fina11y, offers
of seed from earlier collections have been received from Quebec and Alberta.

These difficul-ties in
r,rere not unexpected, and it was
take until I9B2 to assemble the
complete collection of the seed

obtaining adequate supplies of tamarack seed
stated in the original proposal that it could
required seed. Efforts to satisfactorily
will continue in 1981.

DECIDUOUS HARDWOODS

White ash progeny tests, including seed from Ontario, Quebec, and
New Brunswick, were planted in 1980 and 1981 near Orono, Ontario, and
Portage-du-Fort, Quebec, with the cooperation of O.M,N.R. and Consolidated
Bathurst Ltd. at the respective locations. A white ash provenance test,
planted at Petawawa in L977 as one of a seri-es of tests organized by the
U.S. Forest Service, was evaluated for survival, growth, and frost injury
and the data sent to Dr. Knud Clausen at the North Central Forest Experiment
Station, Carbondale, Illinois. Green ash from Ontario, Quebec and che
Maritirnes were planted in a number of provenance tests, most of which were
part of the ENFOR program in eastern Ontario.

Five black walnut progeny tests were planted in 1978 and 1979 as
part of a cooperative P.N.F.I.-O.M.N.R. study. Survival j-n two of these
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p.l.antations was very poor and.r third plantation was lost when the
whlch it had been planted was so1d. Recently, ful1 responsibility
tests \^7as transferred to O.M.N.R., marking the increasing level of
and activity in gene conservation and genetic improvement in black
within O.M.N.R.

farm on
for the
interes t
walnut

Norway maple seed obtained from three widely separated locations
in the Soviet Union Ln L977 were grown in the nursery at P.N.F.I. and the
seedlings were planted at two locations at P.N.F.T. in 1981. In future years
these trees will be evaluated on the basis of their hardlness, growth rate,
and stem and crown form.
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A number of personnel changes i-n the past two years have tended
to limit research activity on white spruce genetics to continuati-on of
studies already in progress when Dr. Ying resigned in July L979. Essential
work on provenance and progeny tests was carri-ed out by Mr. Hoelke, research
technician, under the supervision of Dr. Morgenstern' while isoenzyme
studies were continued by Dr. Bhattacharya and Dr. Murray. When Dr.
Morgenstern left to join the faculty at the University of New Brunswick in
January 1981, responsibility for the white spruce studies passed to Dr.
Murray assisted by Mr. BoyJ-e, who joined the tree genetics and breeding
project as a forestry officer in January.

PROVENANCE STUDIES

Three more field tests formi-ng part of the range-wide provenance
study described by Ytng (1980) were planted in Ontario in cooperation with
the O.M.N.R.(Ontario Ministry of Natural Resources). Staff from P-N.F.I.
supervised the planting, near Sudbury, of one range-wide test that included
86 provenances arranged in five replicates with square nine-tree plots. Two

regional tests were planted near Chapleau and Minden under the supervision
of Mr. Skeates of O.M.N.R. Planting stock for two additional range-wide
tests will be ready for field planting in 1982 and l-984.

one regional test, planted near Red Lake, ontario, in 1978 was

burnt in the spring of 1980. To replace this test, seed were so\^rrl in the
greenhouse at P.N.F.I. in November 1980 with the objective of producing
container stock suitable for field planting in the spring of L982.

During 1978 and 1979, 15- and 2}-year survival counts, and
measurements of height and, in some cases, diameter, ri/ere taken in the
earlier series of tests described by Teich, Skeates, and MorgensEern (.1975) -

Parts of several of these plantations had been destroyed or damaged by
agents such as fire, frost, and i-nsects, but preliminary analysis of the
height data showed that there had been few significant changes in the r:ank-
ing of provenances in the surviving p1ots. Seed sources from Southern
Ontario, the Ottawa Valley, and the Lower St. Lan^rrence had maintained their
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superiority in tests at owen sound, Dorset, Lake Dore, chalk River, ancl
Thunder Bay. In two tests at Kapuskasing, sources from Northeastern Ontario
and Quebec were still tallest but, in one of the tests, a provenance from
near Thunder Bay had risen from llth to 3rd in rank and from I02Z to IZ5Zof the overall experimental mean helght. These data are being prepared forpublication.

PROGENY TESTS

Two progeny tests were planted in 1980, one at p.N.F.I. and the
other near North Bay, both located in ontario site region 5E. The open-pollinated seed used were part of the collection made for the range-wide
provenance study and came from 239 trees in 30 stands within, or immediately
adjacent to site region 5E.

ISOENZYME STUDIES

Distribution of isoenzymes in a natllral stand of white spruce \,r'as
studied uslng seed from 48 trees. Dr. N.C. Bhattacharya, a Visiting Fe1low
sponsored by the Natural Sciences and Engineering Research Council of
Canada, modified standard techniques of starch ge1 electrophoresis for theanalysis of isoenzymes in crude extracts of white spruce megagametophyte
tissue. only two enzyme systems, GDH (glutamate dehydrog.tr"""; and MDH(malate dehydrogenase), produced band patterns that were sufficiently clear
and consistent to permit genetr'-c interpretation of the results. Genotypic
frequencies calculated on the basis of al1e1ic frequencies observed in thispopulati-on did not differ significantly from those expected in a panmictic
population. A short paper based on these results will be presented by
Dr. Murray at the second conference of the North Central Tree Improvement
Associati-on in Lincoln, Nebraska in 1981.
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In the last two years the National Tree Seed Centre has continu-
ously expanded its program from five to seven studies with increased
funding. The newly initiated research studies were on artificial ripening
of tree seed, and predicting and evaluating cone crops and losses due to
insects.

From Apr1l l, 1981 Jack Pitel- and hi-s technical assistant, Garry
Scheer, will be transferred from the current study on biochemical techniques
and indices for seed quality eontrol to biochemical systematics, such as
isoenzyme studies of forest trees, within the Tree Genetics and Tree Breed-
ing Project. However, Jack r,rill still work in close cooperation with the
staff of the Seed Centre. The Centre successfully organi-zed and hosted the
1980 IUFRO International Symposium on Forest Tree Seed Storage with pre-
and post-symposium field trips to northern and southern Ontario hosEed by
the Ontario Ministry of l]atural Resources (OMNR).

In this paper we report the progress made j-n our studies on forest
Cerrnplasm Bank and associated services; testing, treatment and storage of
tree seed; seed crop production and stimulationl and the two new studies.
The progress on the srudy of control of insect and fungal pests in seed
producti-on and distribution and storage is reported separately by Dr. Willard
Foea1.

SERVICE

Seed Procurement, Distribution and Processing

In addition to serving as a repository for forest seed and other
reproductive material, the Germplasm Bank serves as a clearing house for
procurement and distribution. Numerous seedlots have been received from
several sources in the U.S.S.R. and the Peoplers Republic of China and
distributed to requesting agencies across Canada. A sample of sugar maple
(Acer saccharum Marsh.) seeds was recently recelved from the U.S. Forest
Service which should be of particular interest to maple syrlrp researchers
as it was collected from clones selected for superior sap sugar production
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The Germplasm Bank will serve as the North American centre for the Inter-
national Energy Agencyrs project, "The Collection and Distribution of Seeds
of Alnus Species which are of Importance for lJj-omass Productj-on in Energy
Plantat ions" .

The Centre cooperated with the Ontario Ministry of Natural Resources
In an evaluation of black spruce (Picea-mariana lMfll.] B.S.P.) seed yields
and quality obtai.ned from mechanieal cone collection trials.

For the past 10 years Kimberly-C1ark of Canada Lirnited has sent for
custom processing cones from its black spruc-e ancl r"-hite spruce (r. gkgr_g.
[Moench] Voss) seed orchards at Longlaco Ontario.
Processing and storage services were extended tr: the Eastern Region of the
Ontario Ministry of Natural Resources for its larch program.

A chapter on white spruce (Skeates et al" 1981) and one on red
spruce (P. rubens_ Sarg.) and Norway spruce (P. glTrs [L.] Karst.) have been
submitted for the Ontario seed collection manual currently in preparation"
A report on seed procurement and processing across Canacla is in preparation
as part of the Canadian Forestry Servi.ce Forest Resource Data Program.

Seed Testing and Seed Crop Evaluation

over 2,000 separ:ate tests of 400 seed samples were made for purity
analysis, germination, moisture content determination, 1rO00-seed-weight
determination and x-ray analysis, although the ntrmber of commercial tests has
greatly declined since the Pacific Forest Research Centre has become an
accredited official tree seed testing station with the Internat,ional Seed
Testing Assocr'-ation. Mi-ss Francine Sheridan was newly appointed as an
official seed analyst for the Canada Seeds Act.

Wang worked closely with Canadian Forestry Service (CFS) Head-
quarters and other CFS establishmeirts t.o assist Agriculture Canada in draft-
ing an amendment to the current Canada Seeds Act to bring about the transfer
of all forest tree seed control frorn Agriculture to CFS and to develop the
first draft of new forest tree seed reeulations for review.

Because of the variatj-ons arnong replicated samples experj-enced in
both servi.ce and research testing of tree seed, a close examination of causes
indj-cated th;rt moisture in the genmi.nation medium and the type of germination
trays used appeared to be the two principal sources of the variation. In
order to overcolne rhis problemn a standard germination box was developed and
a contract signed with Spencer-Lemaire Industries of Edmonton for manufactur-
lng proto-types for testing. It is hoped that conrnercial production of the
boxes will be followed after the testing"

The seed laboratory successfully participated in three Irrte::national
referee testing projects: (1) to evaluate prechilling treatment for Abies
conc-olor (Gord & Glend.) t-inat. and A. pro_cera Rehd. seeds , (2) to deTEiil-ine
enpty seed of P. Abiesn and Pinus syl-vestris L. after germination test by
x-rays and cutting method and (3) to compare rapid viability tests with
standard germination tests for A. albe Mil1., A. pseudoplatanus L. and Fagus
sylvaEica L. seeds
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In an evaluation of white spruce seed quality for the Alberta
Forest Service, it was found that the low germination was possibly due to
the change of seed moisture content and mi-shandli-ng of cones after collet:tion.

Seed crop assessment services were provided to the Ontario Ministry
of Natural Resources and the Nova Scotia Department of Lands and f'orests. It
was found that the x-ray technique is very useful for evaluating yellow birch
(Betula alleghaniensis Britton) seed crops and determining collectability.
Seeds extracted from cones collected from black spruce trees after one month
from logging (early August) showed 74-80"1 germi-nati-on without chilling but
452 germination with chilling. The results will be further confirmed by
duplicated trials in 1981.

RESEARCH

Seed Extraction and Cleaning

A small study of molsture content of jack pine (Pinus banksiana
Lamb.) seeds during extraction and cleaning was carried out in response to a

question which had arisen concerning the tolerance of seeds to 1ow moisture
content. Seed moisture content immediately after extraction was very low;
just over 2% (fresh weight basis). A study of the effect of initial cone
moisture content on cone opening and seed yields of tamarack (Larix larici,na
[Du Roi] K. Koch) was j-nitiated.

Seeds of alder (Alnug) are difficult
to up*grade alder seed quality was found to be
report is being prepared.

Seed Dormancy

to c1ean. An effective method
by liquid separation. A

Further studies on dormaney problems of whitebark pine (t. 
-q1!-1-

cauli-s Engelm.), lodgepole pi-ne (P. contorta Dougl.), red maple (A. rubrum
L,), ironwood (Ostrya virginiana lMilf.] K. Koch) and basswood (Ii]iq
americana L.) were completed. Results of these studies have been either
published or are in the process of being published. Treatments involved in
these studies included acid scarification, chipping, prechilling' exogenous
application of hormones and a combination of the treatments.

Studies r^/ere carried out to determine some of the fundamental
causes of dorrnancy such as the examination of growth inhibitors, amino acids,
isoenzymes and chromosomal proteins during prechilling. As part of an inter-
national cooperative research project, a review of li-terature dealing with
deeply dormant tree and shrub seeds is in the final stages of completion.

Seed Germination

An experiment to improve the current gerrni-nability testing method
of white ash (Ifgli"gg americanaL.) and red ash (!. pennsylvanica Marsh.)
seeds was completed and a report is being prepared. Cooperative research
with the Alberta Forest Service on lodgepole pine seed germinaEion and
effects of seed weight on germination and early seedling development was
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completed and a technlcal- report was published by ttre Al-ber:ta I'ttrest Servj-ce.
'I'he report recommends the prechilllng requirementrj for rnaximum lodgepole pine
seed germlnation, and the importance of seed weight on seed germination vigor
and early seedling development.

Preliminary research on Alnus germlnat
that the primary cause of low germinability was
cleaning, sensltivity of the seed to moi-sture of
i.n germination. Further research on the ecology
is in progress.

ion requirenents indicated
due to incomplete seed
the medium and photoperiod
of Alnus seed germination

Experiments have been initiated to test a hypothesis of the endo-
genous control of germination rhythrn in white spruce and jack and lodgepole
pine seeds. Data from the first year experiment are being analyzed for
reporting.

In a cooperative research on seed production with Dr. Morgenstern
(UNB) and Mr. McPherson (Kimberly-C1-ark), evaluation of seed quality of white
and black spruce from Kimberly-Clark seed orchards has been made since L970,
and a paper has been jointly preparecl for publication.

New studies on the ecology of germination of native tree species
will be initiated in 1981.

Seed Storage

Seeds from a long-term storage study to test the effectiveness of
the two storage conditions at Petawawa National Forestry Institute were
evaluated after 11-13 years and a paper entitled "I,ong-term storage of Abies,
Betula, Larix, Pic-ea, Pinus and Populus seedst' was presented at the 1980
IUFRO Internati-onal Symposi.um on. Forest Tree Seed Storage held at the
Institute. Anothe-r paper ent.itled "Accelerated aging studies of seeds of
jack pine (_Pj!"s banksiana Lamb.) and red oak (_Qgg"\tg _EgEg. L.)" was also
presented at the same symposium. Eirrdings from the former experiment showed
that sub-freezing temperature (-18"C) is positively superior to above freez-
ing temperature (2"C) for long-term storage of a. U"J9C*9" (I-.) Mi1l.' P.
glauca, P. strobus_ L., Populus deltoides var. occidentalis Rhdb., P. grandi-
dentata Michx. and B. alleghaniensis seeds. Results from the latter study
suggest that the loss of germination and vigor of seeds was associated with
membrane damage, degradation of reserve proteins, increases in the levels of
soluble amino aeids, and with minor structural changes of the chromosomal
proteins, ribosomal proteins and isoenzyrnes. A preliminary report descri-bing
the ami-no acid composition of various coniferous and hardwood seeds has been
prepared.

New seed storage experiments are being established to examine the
effects of prolonged storage on chromosomal changes anci the beneficial
effects of freeze-drying on seed storage life. A new study will be estab-
lished to test the srritability of liquid nitrogen as a long-term, ex situ
storage condition for forest gene-pool conservation measures.
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Forecasting, production and early collection

As a result of a very intensive review of the literature and a

survey of most client agencies, a series of research priorities were estab-
lished for future action in seed crop management. Winston will devote a

majorlty of his time to study factors affecting the production and stimula-
tion of seed crops. Several experiments have been established during L979-8L
examining the effects of spacing and fertilizers on cone production.
Applications of the ferti\izer, ammonium nitrate (342N), at the time of
vegetati-ve bud flushing to stimulate cone production are being tested at
Angus, Ontario in a white spruce seed orchard and at Mackey, Ontario in a

red pine seed production area. Six rnajor experiments have been established'
in cooperation with W. Fogal (PNFI) and OMNR in both white spruce and black
spruce plantations. These trials are designed to test the effects of
ammonium nitrate fertilizer, alone and in conjunction with the chemical in-
secticide carbofuran for control of cone and seed insects, as a means of
increasing cone production. Preliminary results are encouraging and further
results are being analysed. The effects of frost on the regulation of
flowering, whi-le often mentioned, have not been well documented in the
literature. Current observations indicate severe frost damage to potential
white spruce crops occurred throughout north-eastern Onlario and to red pine
(P. resinosa Ait.) in central Ontario in 1980. Similarly, tamarack crops in
central Ontari-o have been damaged in 1981. In cooperation with the OMNR,

a detailed assessment of frost damage to flowers in a red pine plantation is
underway at Mackey, Ontario.

Problems related to cone collection are bei-ng addressed by Haddon
and Winston. Experiments have been ongoing since L978 to determine optimum
cone collection periods for different species and to determine if the cone
collection periods can be extended through the use of artificial ripening
techniques. Resul-ts to date indicate that both white spruce and red pine
cones can be collected early and ripened artificially to produce healthy,
germinabl-e seed (Winston and Haddon 1981). White spruce coll-ected as early
as August l- could be ripened when stored for 12 weeks in a room at 5oC with
75Z-957l relative humidity. Conversely, red pine was successfully ripened
in the PNFI cone air-drying shack when stored for at least 4 weeks after
collection as early as August 23. Cold-air (SoC) storage of white spruce
cones was found to eliminate the need for prechilling of white spruce seed
to permit germination. This suggests that prechilling requirements of seed
may be affected by cone handling and storage conditions. The retention of
germinability of artificially ripened seed was tested following two years
of seed storage (Haddon and l,rlinston 1981). In most seedlots, both germina-
bility and fulfillment of prechil-ling requirements as a result of cone
storage at 5"C were found to be retained. Further studies are- continuing
with other species (tamarack, white pine) and new directions are being
initiated to more fu1ly document embryo developrnent in seed of native Canadian
tree species and the rol-e/relationships of embryo growth to seed maturation.

The forecasting and recognition of potential seed crops is being
examined in detail- by Winston and Fogal. To date, a series of experiments
have been initiated which lnclude sampling buds of white spruce and black
spruce in winter conditions and attempts are being rnade to rel-ate these to
poLential cone crop. This utilizes the methodology reporred by Eis (7967,



r)q

7973) and Eis and Inkster (i973) with adaptation to easter:n Canada. However,
our studies are examining losses to cone and seed insects and should provide
more reliability on fj,nal crop estimates. In cooperation with the OMNR, a
cone collection manual for Ontario is being prepared. A chapter on forecast-
lng methods has been written and techniques for recognizing buds and flowers
of spruces have been doc:umented.
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INTRODUCTION

Research on insects and diseases at Peta\.rawa National Forestry
Institute (PNFI) focuses on problems that are a threat to forest regeneration
in boreal and eastern Canada. One study is concerned with the use of
genetics and breeding in forest pest management and has as its objectives
identlfication of pest-tolerant trees and development of guidelines to pre-
vent planting of susceptible types in forest regeneration. A second deals
with management and control of insect and disease problems in production,
collection, storage, and germination of seed. Background ::ationale for
these two studies was outlined in a previous report (Fogal 1980a).

Serious shortages of black spruce, (Picea mariana lMill] B.S.P.)
and whi.te spruce, Qi=." glauca [Moench] Voss), seed have prompted us to
concentrate our research effort over the past tvro years on control of losses
to insects in these t\^ro species. This report outlines our activities and
progress for the period 1979-80. It also includes a brief outline of insect
pests and fungal diseases which have been investigated as part of tree-
improvement studies at Petawawa.

SEED AND CONE INSECTS: WHITE AND BLACK SPRUCE

Spruce budworm, Chgristoneura fumiferana Ci-em., coneworm, Dioryctriq
reniculleloides Mutuura and Munroe, seed moth, Laspeyresia youngana (Kearfott),
cone maggot, Lasiomma anthracina (Czerny), and other insects are responsible
for shortfalls of white and black spruce seed and ar.e a threat to tree
improvement in these species in boreal and eastern Canada. We are seeking
solutions by developing an integrated pest management approach that includes
evaluation of seed losses, pest monitoring, crop forecasting, control with
chemicals and bioci-des.
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Evaluation of Losses, Insect Monitoring and Crop Forecasting

Cone crops, seed yields, and insect damage are being determined to
evaluate losses to insects in a variety of tree habitats ranging from un-
managed seed collection areas to intensively managed clonal seed orchards in
cooperatlon with the Ontario Ministry of Natural Resourceso Dryden and
Kapuskasing districts and Kirnberly-Clark of Canada Lirnited, Longlacn Ontario.
Results are beginning to provide valuable information about which insects
cause most serious losses, when and where to collect cones in natural stands,
and effects of various types and levels of crop management on seed yields and
losses to insects (Foga1 1979).

The use of insect sex pheromones to monitor populations of seed
moth is being investigated in cooperation with Dr. G.G. Grant, Forest Pest
Management Institute, Sault Ste. Mari-e, Ontario. Field tests were begun in
1980 at PNFI to find an effective and reliable lure for the seed molh and to
monitor its population levels and flight season. Twelve lure mixtures' using
(n)-Z dodecenal as the principle i-ngredient, were tested. Choice of effectlve
lures is confounded by differences 1n infestation leve1s and by trapping of
closely related moths. However, a good picture of the flight season in
relation to r+eather factors and phenology of flowering is emerging (Grant
1980).

A study on crop forecasting and prediction of losses to insects
was initiated in 1980 in cooperation with Mr. D.A. Winston to de,termine
possible relationships between crop sj-zes and insect losses and to develop
means for predicting size of white and black spruce cone crops for at least
one year in advance of collecting.

Chemical Control

Foliar treatments of a range of concentrations (0.5 to 1.5 percent
active ingredient) of dimethoate, lannate, and orthene applied to cone-
bearing portions of white spruce trees \^rere carried out in 1978 and L979 fot
protection from brrdworm, coneworm, seed moth, cone maggot, and other insects.
The degree of protection appears to be related to tree size.

Stem applications of dimethoate and oxydemeton-methyl in 1980
provided some protection of seed crops from seed moth, conewormr and cone
maggot (Fogal 1980b). Experiments have been started with Mr. V.C, Plowman,
Farm and Forest Research Limited, Oakville, Ontario and Dr. E.S. Kondoo
Great Lakes Forest Research Centre, Sault Ste. Marie, Ontario to test
systemic insecticide injections for control of seed and cone insects in
white spruce. This method of insecticide application will reduce environ-
mental hazards to a minimum.

In L979 and 1980, experiments were begun with D.A. Winston to assess
soil applications of carbofuran insecticide and ammonium nitrate as management
tools in white and black spruce plantations at the Bonnor Tree Improvement
Centre, Ontario Ministry of Natural Resources, Kapuskasing, Ontari-o. Results
to date are very encouraging with respect to budworm control and cone crop
stimulation (Foga1 1980b; Fogal et al in press).
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Biological Control

Studies were initiated in L979 and continued in 1980 in cooperation
with Dr. M.I. Timonin, Carleton University to determine whether entomopatho-
genic fungi can be used for control of seed and cone insect pests in white

"pt.r"u. 
Several insects that attack cones of white spruce are highly sus-

ceptible to infection by Beauveria bassiana (Ba1s.) Veuill. and Metar{hizlum
anisopliae (Metch. ) Sor. ITimr"in et al., 1980). l"lethods for delivering
spores to target insects must be devised.

INSECTS AND DISEASES IN TREE IMPROVEMENT STUDIES

Consideration of variations in susceptibil-ity of native and exotic
trees to native and introduced pests has been an integral part of the Petawawa

tree improvement program since its inception in L924. Mortality and damage

caused by insects or disease have been carefully recorded for many years in
provenance trials, plus-tree selections, and progeny testing. The following
fungal diseases and insectpests have been studied: scleroderris canker,
Gremmeniella abietina (Lagerb) Morelet; shoestring root rot, Armilleriella
@-tr"hl .- er.I-rarst.l sweetfern blister rust, CronartiuP comptoni-ae
Atth.; pine gall rust, Endocronartium harknessii (J.P. Moore)_V. Iliratsuka;
larch sawfly, pristiphora erichsoni"i tttg; introduced pine sawfly, Diprion
sirnilig Htg; r strobi Peck. A review of literature
on variation in susceptibility of native and introduced coniferous trees to
some j-nsects of eastern Canada has been accepted for publication (Fogal et
a1., in press).

Phytochemicals that influence insect host preference and protect
plants from disease organisms are believed to play an important role along
with other factors in acceptability of trees as hosts for insect and disease
organisms. Identification of such chemicals in host or non-host plants can

lead to their eventual manufacture and use for application in pest control
and simple measurements in host tissue may help breeders select tolerant
trees. Possible applications to the spruce budworm have been outlined else-
where (Strunz and Fogal, in press; Fogal and Strunz, in press).
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Forest genetics remains as one focal noint of teaching and
research at the School of Forestry. During the past two years Dr. Gordon
Murray and Dr. John Barker have each moved on to new pogitions, but they
have been replaced by Dr. Rob Farmer (formerly of Tennessee Va1ley
Authority) and Dr. Peggy Knowles (formerly at LJniversity of Colorado,
Boulder). Or. Farmer will be investigating the genecology of poplars and

other species in the boreal forest, and Dr. Knowles has begun an invest-
igation of isozyme variation within reforested stands of Pinus banksiana
Lamb. My own activities have focused on morphological and ftavonoia-
variation in natural stands of Abies and Picea.

DEGREE OF SEi,FING TN A BLACK SPRUCE SEED ORCHARD

Mr. Conor O'Rei11y recently completed his l{.Sc. Degree invest-
igating vegetative and sexual phenology of Picea mariana (Mi11.) B.S.P.
To estirnate the amount of self-pollination in a c1bnal seed orchard of
Picea mariana, periods of po11en release and fernale receptivity weTe
deternined for 4 ranets each of 14 clones located in the l4atawin Seed

Orchard, Thunder Bay District, Ontario. Stages of po11en release and
female receptivity were determined by a qualitative index, and total
numbers of male and female strobili were counted. Although the overall
duration of pol1en release and female receptivity was short, consisting
of about 15 days, significant differences in tining were present between
clones. However, peak po11en release and maximun female receptivity
coincided for most clones, thus increasing the probabi-lity of self-
pollination. Numbers of both male and female strobili were significantly
different between clones, with a few of the clones producing the largest
ntrnbers of strobili; this effect was most pronounced for male strobili.
As we11, clones producing large nurnbers of male strobili did not neces-
sarily produce large nr.ulbers of fernale strobili. The genetic conposit.ion
of the seed crop was estimated from 1) the daily stages of nollen relc';se
and female receptivity and 2) the number of male and female strobili
per clone. A smal1 fraction of the 14 clones made the largest contribu-
tion to the genetic composition of tire progeny. This result depended nost
heavily on nurnbers of male strobili produced by each clone, while the
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timiilg of pol len release and female receptivity irad X j 1-tl e effect. 'l'he
ilverage percentage of' self-pollinariion wa.:; estinatecl ;rt 9 per cent, but
indiv iciua i c iones vari ed fron 1 tcl 2"-c j)er cent.

UPI,AND ANJ) I,OI,,JLAL\*JJ VARIATION ]N EI,ACK SPRUCE

Dr. Knolles, several gladuate students, and myself have been
investigating rTaliation in 6pland ald lowland stancis of black spruce.
Pi cea mariana is widely distributed, genet-ica11y .,'ariabl e forest species
that occupp-,es ecolrtgicall), diverse sites in northwest-ern Ontario. In
this area black sD:luce Lrees growing cln bog sites are stuntecl and appeal
strikingly different frcm nealhy :forest. tree.-e" To ciet.eirmine whether: site
differences have led to ecctypic riif ferentiation, j {-t cone-bearing tr:ees
were sampled from each of the foliolving three semi-adjacent stands near
the Matawin ll.iver', Thunder Bay District, Ontariu; l) an rrpland forest
on well-drained allr,rvia1 soil o 2.1 irn abandoned pastr-lTe on heavy soi1,
and 3) a very v{et siphagnun bog. Nine corre characters and 8 needle and
twig characters were scored for each 1-ree, and these ciata were analyzed
by Principal Cornpone:nts Analy:;is IP{:jA) and Canonical Variates Analysis"
PCA denonstrated that two ma-jor, indeoendent trends of variation existed
in the data. one attributable inainiy to cone characters and the other
attributable majnly to needle characters" Bog tlees were slightLy
differentjated from tree from the drier sites based on cone data, but
the differences we1'e no't significar-1t.. A1scr., trr:g trees wele more variable
than the others with respect to cone char:actei's, i:r.rt not: needle or twig
characters. The trees also were coinparer:l on the trra.si-s cf folial flavoii-
oids. A fra.c.tion of the bog trees possesse<l a fLi.rvonoici p,1ycosy1a.i:ion
class not present in the other t1'ees i;:rijcat,ing great-er chemical diversi[y
in the br g trees tha.t p'a.ra11e-. 1eri the p,r'cii'i-er varia.t j,on jn c-one charactcrs.
Bog and fore-st trees we're further cornit;:red r:sing isoenzJzmes, no
differences between si.tes were dr-:1-r:r:ted. Ile:;u1t:; of norphological and
chemical analyses indicate that hog ti:eers are nDTe variable for certairr
functionatrly-related groups of traiLs jrrcluding cone a,nd tlavonoid
character-s, but not fo'r needle, t-wi-g, an';l i sozyne characters. Holever,
discrete ecotypes corre-sponding to upi.and and trowland sites could not be
distinguished in the sampled trees.

GENECOLOGY CF NOIITI.] A}IBRTCAN Ai]IES SPECTES

'l'ogethe:: wit['r Di:. .Iac], Mz'ze a.L t]re Univer:sity of Ilritish
Columbia, and several students, I harre tre en invc.:;t igating relaticnship-s
between certain speci.es-pair:; of Abies and thr: nature of variatiorr
within the balsam firs and. n,:ble fii-t. Abies ba}samea. and A. lasiocarpa
are cl.osely related North Arnerican balsam-firs-tirTt- are genbr'atty*tnoughl
to hybridize arrd intergr:ade where the.ir ranges ovcrr.l.a.p in west-central
Alberta. To test this hryrothesis, a series of colleci-ions was nade
frorn 10 populations al ong an east*w€-.st transer:t beta,'een tJestertl
Saskatchewan and centr;rL Brittish Colunrbier. Each tree was scorer] for
vari r,rus vegetative and cone charact-ers. T'he resul ting data wer:e
analyzed by Principal Conrponents An:r1ysi-s and Canonical Variates AnaIy.sis"
Analyses based on vegetative data produced somewhat di{'ferent results
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from analyses based on cone data indicating that vegetative and sexual
features of the trees respond to different selection pressures at the
ecologically diverse r.*p1u sites. The conbined results of analyses of
vegetative and sexual data indicate that the 10 populations do not
:rep:resent elements of two morphologically distinct taxa. Instead, the
results apparently reflect population differentatjon within a single,
regionally variable cornplex in response to 1oca1 selection pressures
following east-west gene flow. It is reconrnended that the separate
species designations, A. balsarnga and A. lasiocarpa, be retained -since
Ij present Jay elenents oT t1lg conplex aieGviGnTfy derived fron
r"pti"tu refugia isolated by the Rocky Mountains during past glacial
peiiods, and 2) gradual morphological diffeTences exist between popula-
tions on each side of the Rocky Mountain crest.

Student Projects in ProF,ress

1. Implications of needle flavonoid variation on the relationship of
Abies procera to A. magnifica.

2. Compar:
Thuj a

ison of phenotypic plasticity in upLand and Lowlancl clones of
occidentalis under adaptive and non-adaptive conditions.

Alternate methods of Picea
competi tive perforrnanEEl-

Undergraduate (4th year) B.Sc.F. Theses

mariana plus-tree sei.ection emphasizing

spruce (Picea glaucaGray, A.tI. 1981. Quality
(Moench) Voss ) seed
northwestern Ontario.

Millard, M.A. 1981. The
spTuce.

and maturity of white
collected from a seed oroduction area 1n

effect of topning on seed production in white

0rRei11y, G.J. 1981. Correlat
norphological variation in
northwestern Ontario.

OrRei1ly, C. 1981. Vegetative and sexual
dynamics and bud differentiation in a

and black sDruce.

ion of major environmental effects with
Abies balsarnea (L" ) Ivli11. accross

Sirunonds, F.M. 1981.
ability of Picea

van Dyke, A. 1981. Rooting ability of nine wi11ow (Salix) species
conmon to the Thunder BaY area.

Graduate M.Sc. Thesis

Effect of ortet age and crown position on rooting
glauca.

phenology, reproductive
c1ona1 seed orchard of white
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The Deciduous Forest Region occurs in extreme southern Ontario
along a narror^/ band above the southern Great Lakes. T.n the biologically
diverse forests of this region, many species of eastern North America
reach their northern limits of distribution. lfhile these Carolinian
speeies are considered rare due to their restricted distribution in Ontario
(Argus and White , L977), many are also threatened due to loss of habitat
associated with the high level- of human aetivity here. Beyond the recog-
nized need to conserve critical- habitats, this programts objectives are to
survey, collect seeds of, and gene bank the rare woody plants of Ontario.
While this program is co-ordinated through the Arboretum, considerable
support is recelved from a province-wide network of Arboretum Associates.

TIIE OMARIO RARE WOODY PLANT PROGRAM

The program is now assessing the current status of 52 species of
rare woody plants. While most of these have typical Carolinian distribu-
tions (e.g., Liriodendron tulipifera L., Quercus muehl-enbergii Engelm.), a
few have lirnited \destern (e.g., OploPanax horridus (Sm.) Miq.) or eastern
(e.g., Pinus rigida Mill.) distributions. Most of the Ontario populations
of these species represent the northern limits of their distributions.
These may represent genetic variants not present farther south or else-
where through the species range due to their disjunct distribution or iso-
lation by the Great Lakes. Thus, they represent a regional- resource worthy
of recognition and conservation, both to maintain the genetic diversity of
the species as well as provenances likei-y best suited for economic util-i-za-
tion l-n Canada.

The documentation of the current natural occurrence of these
species has allowed a better assessment of their status in Ontario. Dup-
llcate herbarium specimens are being sent to the National Museum of Natural
Science where they will be useful in the Rare Plant Atlas Project. As
species are identified as potentially threatened or endangered in Ontario,
attention can be drarnrn to the need for more detailed studies.

The collection of seeds of these rare specjes offers an unusual
focus to our international seed exchange program" By extending the effec-



r-66

tive reservoir of dr:cumented coll.ections of Ontario popul-ations to botani-
cal instltutions around the wr.lrld, r^re rni.ght aE some t:i-me in the fr-lture be
able to draw on this expanded distributLon for variou$ types ol, evaluation
data, or even propagation material-.

Many of the seed ccrllections are also be-lng grown in our nursery
facilities for inclusion in the Gene Bank Collecfion" Here we woulcl like
to ideally j-nclude as much genet:ir: variation. as j.s identified in Ontario
populations, provi.dlng a suitable resource for a fu.t-u::e sel-ection and
breeding program.

Habitat conservatiiln is fl.n {:ssenrial. concern of .Eorestry gene
resources. This program is meant to compleaent-*not suppX-ant--that equally
important concern. Even under good forestry management practices, most of
these species are t.hreatened due t.o iheir current sLatus as non-commercial
species. When provinically significant habitats are identified through
this program, such information wil-1 be conrnunieafed t-.o the Ministry of
Natural Resources for consideration in the Nature Reserve svstem,

PR.OGRESS

During the past year, approxinmtely 2-50 sightj-ngs or herbari-um
specimens of rare woody speci-es \^rere recorded. Ot L42 seed collections of
natlve plants for the Arboretum's Inde:{ Sem:i-rnrm, 50 were of rare woody
species. These were distrlbuted to 132 requesting botanical institutions
and individuals. Signif lcant assist,ance was receive<l f rom the Arboretum
Associ.ates for both the survey and seed r:olJ_ecEi-ng.

We are now better ablei to define lhe tii.stribution of many of
these species, with several range ext-ensiorrs not,eri botlr frorn recent l-it-
erature (Campbe1l and Reznicek" I977) and her:barium spc+cimeris collected
through this program. New spec.ies of natj,rre r*oody i:rl.ants are also being
recorded in the literature (Mayeoek, et aJ-" 1980) as well as by Associates.
An example of the latter is the disaovery of Qusgglq shumardir tsuckI. i-n
Essex Co. by Gera1d E, Wa.L.dron. The i-dentity of tire;pecimens was subse-
quently verifled and additional stands of this specri.e.s were located.

With thj.s accurnul-atin.g data" it. j-s c:lear tha'f- certa.in species
have a very restricted di.strj-bution i-n Ontario and are pr:tential.J-y endang*
ered. Two such speci-es, Hrlpol-gd"s. 43.g3.gg. (1") K. Koch and E.aqryfggg.
quadrangulat.a Michx", trrere sel.ected f,or ctretailed st,ur:try during-1981" -status
reports will be prepared for the Committee orr the Status of Endangered
Wildlife in Canada. If these reports indicate a level- of endangerment
warranting official designation, then Lhese speci.es, and thei-r habi-tats,
will be afforded protection under Lhe Endangered Species Act of Ontari.o.

During the past two spri.ngs, the Gene Bank was prepared for later
plantlng of lcrts of rare tree seedlings. A shelterbelt and blocks of
intolerant nurse crop trees $/ere esEabi-lshed for l.ater i-nter-planting with
the tolerant rare species. In addition, a small- plantation of Black Inialnut
(J-gfans- nigra L.) was establ-ished, according to the mi-nistry recomnenda-
tions (Johnson, L979), i.nter-ptr-anted with WhiEe Pin.e (Pintrs strobtrs L.).



L67

The pJ-antation represents 42 collecti.on sites throughout Ontario, received
as a dupl-icate set of seedlings from the Petawawa Forest Experiment Station
(Calvert, 1976).

With the recognized significance of regional rarity, and the need
to conaerve forest gene resources for future econornic utilization, arboreta
and botanical gardens often represent ideal coordinating institutions for
such programs as this. Appropriate staff are present, contacts wiEh the
interested public are establ-ished, and land is available for long term
commitments.
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PROJET G 68-1 SELECTION DE CIONXS ]iT A}DLIORATIO}{ DU PEUPIIER
(POPULUS T.), PAR G. VALLfE

Mots-cl6s: Populus L., tesL de
clones, croisemenLs,

provenances, test clona1, sdlection
inLroduction.

de

Plantations comparatives

les tests clonaux de 3e g€ndration ont d6but6s en lgig
pour comparer les nouveaux cl-ones de 1a collection avec les meilleurs
des tests clonaux de 1a 2" g6n6ration. En 1919 et 1980, deux disposi-
tifs ont 6t6 6tabIis, dont I'un a 6t6 conqu pour fournir des informa-
tions sur le potenLiel de procluction en biomasse des clones compa16s.

Un test clonaI sp6cifique a 6t6 rdalis6 avec 76 clones de
Populus nigra L. afin dridentifier les clones les mieux adapt6s et les
plus productifs pour, pat 1a sulite, les utj-1iser conme g6niteurs dans
les croisements. P. nigra est particulibremenL 16sistant i 1a rouille
Melampsora medusae thum. trbs fr6quente au Qu6bec, d'oir IIinter€t d'u-
tiliser P. nigra dans les hybridations , sans compter aussi sa bonne
aptitude au boulurage.

D'ailleurs, dans 1e but d'identifier des bonnes sources de
g6nes de P. nigra L. " un test de provelf,ances-descendances a 6t.6 elttrepri s

avec I' installation de deux rlisposit.if s clans les 16gions de Qu€bec et
Mont16al comprenanL respectlvement 21 eb 18 descendances-provenances
reprdsent6es par 6281 et 3894 plants. Les plants d'un lroisidme dis-
positif onL 6t6 donn6s sur une base d'tichange au MinistEre des Res-
sources naturelles de 1'0ntario (aux soins du Dr Zstrffa), afin d'exploi-
ter au maximum ce mat6riel g6n6tique.

Enf i-n, Ia plantation en 1980 de 1887 plants reprtisentant
16 provenances a compl6t6 le test de provenances, entrepris en 1976,
sur P. trichocarpa Torr. et Gray.
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Croisements

Durant I'hiver 1980, 72 croisements intra et inLer-sp6ci-
fiques ont 6t.6 faits en utilisant 27 g6niteurs choisis en g6n6ra1
parmi 1es meilleurs clones ou familles des planlaLions comparaLives
des arboretums de ViIIeroy et LoLbj-nibre. Seulement 12 croisements
ont donn6 2 493 semis repr6sentant les hybrides suivants:

P. balsamifera
P. x iackii
P. x iackii
P. x jackii
P. X euramericana
P. X euramericana

P. nigra
P. nigra
P. deltoi-des (et 1e 16ciproque)
p. x jackii
p. x jackii
P. nigra

X

X

X

X

X

X

R6coIte de semences

Dans le but de compl6Ler 1'6chantillonnage gEndtique de L'aire
de distribution au Qu6bec du P. deltoides Marsh., l-es semences de trente-
cinq descendances-provenances ont 6t6 rticolt6es particul-iErement dans 1a

vatl6e de I'Outaouais eL dans Ies rtigions du sud de Hontr6aI et des Can-
tons-de-1'EsL. Des semences de cette 16colte ont 6t6 exp6di6es en Ontario
et en Chine.

litude particuliEre

Dans un test de Drovenances-descendances de P. deltoides
Marsh. de Ia va116e du SainL-laurent 596 de 10 ans et 6tab1i au populetum
de Villeroy par 1e Service de Ia recherche forestiEre, une 6tude de cer-
taines caract6ristiques du bois des arbres a 6t6 effectu6e par monsieur
Marco Delucchi (1981) sous Ia direction du professeur Jean Poliquin de
la Facult6 de Foresterie et G6od6sie de I'universit6 Laval. Les r6su1-
tats trbs int6ressants de cette 6tude seront publi6s.

SaIix spp.

Deux tests de 26 clones de Salix spp ' ont 6L6 6tablis, dont
1'un en m6lange ligne par ligne avec I'aulne glutineux (A1nus glutinosa
Gaertn.) pour Ia s6lection de clones apLes i Ia production de biomasse,
I'aulne faisant office de fixateur d'azoLe.

amEr,ronerioN GENETTQUE ET HYBRTDATION
DES AUI,NES. PAR GILLES VAITEE

Hots-CI6s: Alnus L., tests de provenances et descendances, hybridations

Les aulnes sont des espbces qui p16sentent un fort potentiel
pour la producLion de biomasse en plantation pure ou en m6lange avec d'au-
Lres espEces. En particulier, I'aulne glutineux, espEce inlroduite depuis
7970 dans les arboreta du Service de Ia recherche forestibre, montre un



170

comportement trbs inLeressant pour .l'enrichissement des tarl iis nature.J,s.
Plant6 iurm6diatement aprbs coupe i blanc, des p-Lants d'aLr1ne glullneux
de + 1m de hauteur r6ussissenL ) croitre au ndme rythrne que 1a r6g,6n6r:a-
tion naturelle, y compris Ies rejets et les rlrageons, sans n6cessit6 cie
degagement.

PlanLations comparatives

l,es 28 pLantaLicns r:omparatives faiLes dans les arboreLums
comprennertt des tes Ls cle provenances sur Alnus g!i!ilg:g. ( ill provenances )
et Alnus incana var. !g&o_ee (Du Roi) Spre-ng. (t; llt*F"ances) et un test
de 4S descenCatrc*r demT-f ratri.es d' arbres sdl-ecti onnes dans Ies rneitrleures
provenances d'auIne glutineux. Cincl ails aprbs p lant-a tion , la mei. l1eur:e
provenance ) 1'arboretum de Lotbinibre est. celle clu verger ir graine d'Ost--
preussen de 1a R6publique f6d6raIe d'Al.Iemagne, avec une hauteur moyenne
de 3,72 n.

Croisements

En 1.979, 31 croisement.s A. g!t_t_1"otg x A. ilrcan_g var. Igtro.se
ont 6t6 r6aIis6s sur les arbres en plantation ) I'arborel-um de Lotbinibre
(tableau 1). De ce nombre, 20 croisenrenLs onL produits 605 hybrides qui
sont planL6s maintenanL en comparaison avec des auines glutineux descen-
dant des m6mes arbres-mbres.

Dans ces crotsenler)ls, 1a pollrni.sation a 6td faite avec du
pollen de 2 arbres-pEres de provenances diffd:renLes (Sorel et VilIeroy).
Deux croisements (tro 3388 et 3389 ) {lryl 1ngg3- var . .Lg!4rlg x Alnus
incana var. rugosa onb 6te aussi r6a1is6s eL onL produits un nombre equi-
valent de descendants, soit 20 et. 25, pour un t-r:tal de lr5. 0n remarquera
au tableau I que certains arbres*nrbres A. glglgrjlg monirenL une plus
grande aptitude ii I'liybrirlatitrn avec A. incana var'. I!89F.a n en particulier
462-4 (croisements 3360, 3361) , te t-re f33g.t, 3394f at 160-18 (3399,
3400) . De plus, pour les croj-sements 3350 et 3393, ii faut noter fe nom-
bre beaucoup plus grand de descendants obLenus avec A" incg.na var. _rugeqs
de Sorel par rapport i celui de Villeroy, ce qui lai.sse enlrevoir une
aptitude p16f6rent.ielle b I'hybri.dation enLre 1es arbr:es parents irnpl-iqu6s

Durant 1'hiver 1980-81 r'i,ngL et un croisemenLs e. g]u!-1q9!.
x A. incana var. rlg9ea, 5 croiseruerrts A_. incana- var. in.ugq x A. l!94!9tu- fUgolu, 6 croi-sE-m&rcs 4. g_LUqrys-A x trL,i]! pglyfflglA ut- 2 crc,ise-
ments A. var. insgl" x lle!143 papylf&fg ont.6td r6alisds en serre sur des
rameaui- f lorau-x gref f 6F-en b;uteif-le. Les croisements t- glu-Elpt" x
BeLula papyrifera onL produits des fruits mais i1 esl trop LOt, au moment
de cet 6crit, pour pr6sager de Ia fertilit6 des semences.

Propagation v6g6tative

Des semis hybrides A: g_Llllf4ot:. ]{ A. incana var. rugoqq ont'
€t6 soumis ) des essais de bouLurage i partir de houtures herbac6es mono-
nodales enracin6es sous mist. Des Laux de reprl.ses de I'ordre de 90 p.
100 laissent entrevoir 1a possibilitd de r6aLiser des s6lectiorrs clonales
de fagon I obLenir le maximum de gain gdn6tLque.
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Tableau 1

no
croisement

LisLe des croisemenls
var. rugosa et nombre

Alnus glutinosa x AInus
de descendants obLenus

].ncana

nombre de
des cendants

1

1

0
2

T2
0

U

zo
163
28
80

1I

J
'1

0

0
100

10
J

100
2
4

100
0
3

40
2
0

100
2
2

OJ

0
31

0
100

LV

25
45

no arbre, provenance X Provenance

335 2
3353
3354
33ss
3356
33s 7

335 8
335 9

3350
336 1

3362
3363
3364
3365
3356
3367
3368
3369
3370
3371
5Jt1
3373
337 4
3375
3376
3377
33 78
3379
3380
338 1

3382
3383
3384
3385
3386
3387
3388
3389
3390

1 P.L.:

510
510
510
qln

lo L

Lol
16i
462
462
462
51i
511
511
511
511
511

511

qoz
462
462
462
462
462
462
462
452
4J1
431
431
161
161
160
160
572
512
512
431

1, Allemagne, 0berbaYern
19, AIJ-emagne, OberbaYern
2, AIlemagne, Oberbayern
2, Al lemagne, Oberbayern
3, Suisse, Zugerberg
3, Suisse, Zugerberg
3, Suisse, Zugerberg
4, Hongrie, SeIlye
4, Hongrie, Sellye
4, Hongrie, Sellye
5, Allemagne, 0stpreussen
5, Allemagne, 0sLpreussen
5, AIlemagne, 0stpreussen
5, AIlemagne, 0stpreussen
6, Allemagne, Ostpreussen
6, Allemagne, Ostpreussen
7, AIJ-emagne, 0stpreussen
7, Allemagne, Ostpreussen
7, AIlemagne, 0stpreussen
8, Hongrie, Se1lye
8, Hongrie, SeIlye
8, Hongrie, Sellye
9, Hongrie, Sel1ye
9, Hongrie, Sellye
9, Hongrie, SeIlye

10, Hongrie, SelLye
10, Hongrie, Sellye
10, Hongrie, SeIlye
11 , Hongrie, Novaj idranY
11, Hongrie, Novaj idranY
1 1 , Hongrie, Novaj idranY
72, Suisse, Zugerberg
12, Suisse, Zugerberg
13, Suisse, Frick-Ag
13, Suisse, Frick-Ag
14, Rounanie, Arges
14, Roumanie, Arges
14, Roumanie, Arges
15, Hongrie, NovayidranY

x Villeroy
x Sorel
x Sorel
x ViIleroy
X P.L.1
x Sorel
x Villeroy
X P.I.
x Sorel
x Villeroy
X P.I.
x Sorel
x Villeroy
X P.T,.
x Sorel
x Villeroy
X P.I,.
x Sorel-
x ViIleroy
X P.L.
x SoreI
x Villeroy
X P.L.
x Sorel
x Villeroy
X P.L.
x Sore1
x Villeroy
X P.L.
x Sorel
x Villeroy
X P.L.
x VilIeroy
X P.I.
x VilIeroy
X P.L.
x Sorel
x ViIleroy
X P.L.

Pollinisation Iibre.
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(suire)

no
croisement

339 1

339 2

339 3
3394
3395
3396
3397
3398
3399
3400

15, Hongrie
16 , Suisse,
16, Suisse,
16, Suisse,
77 , Suisse,
77, Suisse,
17, Suisse,
18, Suisse,
18, Suisse,
18, Suisse,

, Novayidrany
Tttoprh'ero

Zuge rberg
Zuge rbe rg
Zuge rberg
Zuge rbe rg
T.trocrhero
Fr:-ck-Ag
Fri ck-Ag
Frick-Ag

x Villeroy
X P.L.
x Sorel
x Villeroy
X P.I.
x Sorel
x Villeroy
X P.L.
x Sorel
x Villeroy

nombre de
de s cendanLs

0
r.00

80
10

100
0

3

r.00
13
Jr+

no arbre, provenance x provenarrce

qJt

16i
10i
161
to-t

161
160
160
160

FROJET G 79-1 AIIEI,IORATION DE T'iiPINETTE NOIRX
PAR G. VAtIliE

Mots-cles: etude de populations. densit6 basale

Travaux 16a1is6s err 1979 et 1980

Dans un secteur d'am6lioration du nord-ouest du Qu6bec situ6
entre les longiLudes 77o0 eL 79o30'0 et entre les latitudes 48oN eL 49oN,
vingt-deux peuplements d'6pinette noire ont 6t6 locaIis6s avec une dis-
tribution 1a plus uniforme poss j-b1e sur ce terrj-t.oire. Dans chaque peu-
plement 10 arbres, espac6s d'au rnoins 100 m, ont '6t6 s6lectionn6s dans 1e
but de les utiliser comme g6niteurs dans un verger- i graines et pour r6a-
Iiser des 6tudes g6n6tiques.

Deux campagnes de greffage des arbres s6lectionn6s ont eu lieu
au prinLemps 1979 et 1980 avec t.rbs peu de succbs.

Durant 1'6t6 1980, deux carottes orrL 6t6 p16lev6es, )r I'aide
d'une sonde Pressler de 10 mm de diambtre, du c6t6 sud et du c6t.6 nord des
troncs de chaque arbre s6lectionn6 (220 au total), dans Ie buL de r6aliser
une 6tude sur Ia densit6 basale eL la Iongueur des fibres du bois. Cette
6tude a 6t6 faite en colLaboratjr:n avec le professeur Jean Poliquin qui
a supervis6 les analyses et dirig6 le mdmoire de fin d'eLudes de monsj-eur
Guy Boucher, 6ludiant i Ia faculld de foresterie et g6od6sie de I'univer-
sit.6 Laval.
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R6suItats

Les premiers 16sultats sur B peuplements (Boucher 1981) mon-
trent une diff6rence trbs significative de 1a densit6 basale moyenne des
peuplemenls aprbs correction, par analyse de covariance, de I'influence
de Ia largeur des cernes annuels du bois (Laux de croissance radial).
De plus, il y a une relation Lrbs significacive entre la densile basale du
bois juvenile (0 e 10 ans) et celle du bois adulte (r = 0,72) et iI n'y
a pas de difference significative entre Ies c6t6s nord et sud des troncs.

La densit6 basale moyenne des 8 peuplements varie de 0,399 e

0r452 du c6t6 nord des troncs avec une moyenne de 0r427. Ces variations
6quivalent i une diff6rence de 13,3 p. 100 entre le peuplement ayant la
densit6 la plus 61ev6e eL celui ayant 1a plus faible, et de 8,3 p. 100 par
rapport ) Ia moyenne des 8 peuplements. Les diff6rences de densit6 basale
entre les arbres d'un m6me peuplement sont beaucoup plus faibles (t 0,01)
en g6n6raI et ne semblenL pas favorables I une s6IecLion individuelle.

En conclusion, les diff6rences de densit6 basale entre 1es 8

peuplements suggbrenL de faire un choix des populations dans lesquelles
sera effectu6e Ia s6lection d'arbres-plus pour 1a r6alisation de vergers )
graines. I1 faut esp6rer que les donndes provenant des 14 autres peuple-
ments 6tudi6s confirmeronL ce 16sultat q.ui a un impact direct sur 1es
gains de production en fibres, vu que 1'6pinette noire int6resse particu-
librement I'industrie des p6tes et papiers. Un rapport d6tai116 sera pro-
duit sur cett.e 6tude.

PROJET G 7O-3
(LARIX, Mil]

angi,ronerloN DU nErEzr.
) par A. STIPANICIC

Mots-cl6s: Larix, Mi11., test de provenances, Lest de descendances, s6lec-
floi-d"r arbres, croisements, inLroduction.

Les travaux concernant 1e projet. d'am6lioration du m6IEze ont
6Le poursuivis duranL les deux derniEres annees avec ]a m6me intensit6
gu'au cours des ann6es p16c6dentes. Nous avons concent16 nos efforts sur
t. decidua et L._ Ieptolepis pour lesquels nous pouvons exploiter une bonne
E"e.ve ae m"iFrGT-!6n6tiq,te dans les plantations d6 j e existanles , mais
nous avons aussi continu6 les travaux avec L. laricina, dont I'importance
pour nos for6ts bordales est ind6niable. NotrETEi,rice a coIlabor6 avec
Ie professeur Jean Poliquin A Ia r6alisation d'une 6tude sur les qualit6s
physico-m6caniques des bois des m6lbzes d'Europe, du Japon et Iaricin,
r6alis6 par A. VervilIe (i980) au D6partemenL d'exploitation et utilisa-
tion des bois de I'universit6 laval. Les r6sultats de ce travail montrent
que ces m6lbzes, en plantation de 20 e 25 ans, onL une densit6 basale et
une rr!sistance m6canique comparables i I'6pinetLe noire en peuplement natu-
reI, ce qui Iaisse pr6sager une utilisation comparable pour Ie sciage.
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R6colte des graines

Les deux dernibres ann6es n'6Laient pas trbs bonnes au poinL
de vue de Ia fructification du melbze. Ainsi, en automne 1979, nous avons
recolte seulement 220 arbres de melbze Iaricin dans 24 peuplemenLs a tra-
vers Le Quebec.

Plantations exp6rimenLales

En j anvier 1980, nous avons mis en marche une exp6rrence
comprenaRt plus de 400 descendances. de m6.lbze laricin., Cel maL6rieI rapr,-:-
sente une grande partie de I'aire de distrihution du L. Iaricinl au Quebec
et iI nous servira pour Ia formation d'un test de descendances-provenances
L'ensemencemenL a 6t6 fait en serre dans des contenants;, au mois de juin,
nous avons transplante les semis dans la p6pinibre et nous prevoyons les
sorLir sur Ie terrain au prinLernps 1982.

Au printemps 1980, ,,o,-l'" avons insLalle 5 LesLs de provenances
comprenant Lrois provenances de m6lbze d'Europe et neuf provenances de
m6lbze du Japon. Les graines,pour celLe exp6rience, regues du Service de
la.restauration,.ont 6t6 16coIE6es dans des plantations connues au Qu6bec
et Ie buL de I'experience est de verifier 1a qualit6 de ces plantations
conme sources de graines.

Les plants obtenus ) partir cie 51 lots de graines proven3nL
d'un parc ) clones de m6Idze en Finlande et pouvant donne des hybrides,
nous ont servi ) insLaller un auLre Lest de descendances au printemps
1981. Ce dispositif nous permeEtra de comparer diff6rents hybrides dont
1'arbre-mbre 6tait le plus souvent L. sj-birica. le comportement de cer-
tains de ces hybrides 6tait trbs r"tisfuisa.rc "u niveau de Ia ptipiniere:
I'accroi-ssement moyen 6tait de 50 cm en 2 ans et 1es familles demonlraienL
une 16sisLance prononc6e au froid.

Vergers ) graines et parc l clone

En collaboration avec I'InstituL National de Foresterie de
Petawawa et 1a compagnie C.I..P. 1f6e) nous avons contirru6 .la selection
des arbres de L. decidua dans 1a plan[ation <(Avoca>> l. Ia StaLion fores-
tiEre de Harrington. En nous ba,sant sur 1'analyse faiLe en 1977 par
I'I.N.F.P. , nous voulons mettre sur. .pied un verger a: grai.nes clonal qui
va' 16uni'r les meilleures provenances (de Pologne et des Sudbtes) rep16-
sentees dans cette exp6rience. . Au totaI, 100 arbres ont 6tr! s6IecLi.onn6s
dans 1a planLation <(Avoca> et dans une planLat.ion d,e Petawawa 16aIis6e
avec le m6me mat6riel que ee11e: de Harrington.

Dans IlarboreLunr de Lolbinidre, nous avons instaI16 un autre
verger i graines clonaI qui. contient 76 clones de L. leptolepis s6lection-
n6s dans une ,plantaLion de Harrington. Dans chacune des dix r6p,5titions
de cette exp6rience, nous:BVoRS inclus un clone de !. decj.dua, en esp6rant
obLenir 1'hybride t. x eurolepis. Ce verger n'esL pas encore compl6t6
et nous comptons reproduire les ramets des clones s6lectionn6s par gref-
fage ou bouturage au cours des deux prochaines anndes.
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Nous avons continu6 i augmenler notre collecLion de clones.
pr6sentement, dans Ie parc i cfones de Ia Station Forestibre de Duchesnay,
nous avons r6uni 100 clones de L. Iaricina , 100 clones de L ' decidu:r ,

l5 clones de t._ lepLolepis , 20 clotrer de L. x euroiepis ,- 1 clone de L -
sibirica et Z ltott"iE-l dahurica. HalheureusemenL, la f loraison de ces

cfort"" n'6taiL pas suffisamment at,ondante jusqu'a present pour nous peL*

meLtre de proceder ) des essais de pollinisation conL16l6e.

PROJET G 74-1 A},IELIORATION DU PIN GRIS

(PINUS BANKSIANA LA}IB.), PAR R. BEALIDOIN

Mots-c16s: Pinus banksiana Lamb., parc ) clones, test de descendances,
aerrsite lusutn population, s6lection individuell"e'

Tests de descendances

Dans Ie cadre du programme de recherche sur I'amelioration du

pin gris, un test additionnel de provenances-descendances a 6te realis6
en I980 dans le canLon de Celoron (latitude 49o04'nord, longiLude 78o32'
ouest) afin d'obLenir de Ia graine de qualite sup6rieure pour les reboi-
sements du nord-ouest qu6b6cois. Ces quelque 235 lots de graines prove-
nant d'arbres s6lectionnes avaient 6tE 6tablis en I9l9 sur une sLation
argileuse dans un canton voisin. Avec ce test, le comportement des m6mes

prorr"nr.r.es-descendances Sera 6Ludi6 sur un sol sableux. Le potentiel-
de croissance ou 1'expression du bagage genetique de chaque provenance ou

descendance sera ainsi en relation avec Ia qualit6 de la station et Irap-
titude de chaque provenance ou descendance ) utiliser au maximum chaque

saison de croissance.

Dix-huit descendances de 1a provenance Mattawin ont 6te ins-
tall6es ) Cabano en 1980 (1at. 47"30' N. , 1ong. 69o03' 0.). Les c6nes

avaient 6t6 16co1t6s sur des arbres de trbs belle venue (moyenne de 50

arbres s6lectionn6s, hauteur 24,8 m, d.h.p. 33,8 cfi, 68e 95 ans' Ce

tesL a 6t6. effectu6 dans I'optique de suppl6er I 1a faible qualiLe des

populations locales de pin gris comme source d'approvisionnemenL en

i"*"t,."t pour les reboisements de cette r6gion de I'Est du Qu6bec'

Provenance Baskatong

Un parc ) clones a 6.t6. implanttl I 1'arboretum de Lotbinibre
(Iar. 46o30' Nl, 1ong. 71c}55' O.) en 1980. Quelque 174 .clones totali-
sant 487 ramets provenanL du greffage des arbres s6lecLionn6s de la prove-
nance Baskatong y sont repr6sent6s.

L'6tude de ceELe provenance montre que les diff6rences de cien-

sit6 basale entre Ies arbres s6lectionn6s d'un m6me peuplement sonL assez

fortes. La densiL6 du bois juv6nile (0 ) 10 ans) et celle du bois adulLe
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(25 e 35 ans) au niveau du d.h.p. varierrt respectivement de 0,42 A 0,32 eL
0,54 a 0,39. Cette variation de la densiLe basale et sa forte h6ritabi-
Iit6 incitent a praLiquer une s6lection individuelle pour ce caracLbre
afin d'augmenter la production en fibres m6me si actuellement 1a majorite
des arbres 16colt6s sonL destin6s au sciage.

La densit6 basale du bois juvenile est en relation Lrbs signi-
ficative avec celle du bois adulte au niveau du d.h.p. Le coeffjcjenL
de correlation pour I'analyse de BB echantillons est de 0,32. La selec-
tion pour ce caractbre peut donc se faire en bas 6ge.

L'analyse cle 1a densite basal-e moyenne du boi-s j uv6nile de
88 arbres A deux niveaux du f0t indique que celle-ci est sinrilaire au
d.h.p. et i 13,56 m du sol (d = 0,38). De p1us, il y a une relation tr:ds
significative entre Ies densiL6s du bois pour des 6chantillons pr6leves )
ces deux endroits (r = 0,65) . Un rapport d6tailt6 sera produiL sur
1'6tude des arbres selecLionn6s de cette Drovenance.

PROJTT G 77-1. TESTS
(PINUS CONTORTA

DE PRO\TNANCES SUR I.E PIN DE MURMY
DOUGI. VAR. LATIFOLIA ENGEL}I.)
PAR R. BEAI.IDOIN

Mots-cI6s: Pinus contorta Dougl
test de provenances.

var. latifolia EngeIm., introduction,

Materiel

Vu I'importance de cetLe espbce sur Ie plan rendement dans des
condiLions de r:roissance semblables i celles du Qutibec, 1e Service de 1a
recherche forestibre a cherche b exploiter au maximum le mat6riel (semis)
qui lui 6tait offert par d'autres organismes et a utiliser 1es lots de
graines accumul6es dans sa banque de semence (collection I.U.F.R.0.).

Observation en p6pinibre

A IrauLomne 79 et au printemps 80, des observations porLant
sur Ia couleur des aiguilles, Ies d6g6ts de ge1, 1a pousse d'ao0L et la
hauteur des plants, ont 6t6 faites ) la p6piniere de Duchesnay sur les 134
provenances semees en 1977. Les provenances de Californie avaient un
taux 61ev6 de pousses d'aofit (80 ) 90 pour cent des semis) et certaines
d'entre-e11es pr6senLaienL des dtigALs de ge1.

Plantations comparatives

L'installaLion des dispositifs experimentaux a 6te effectuee
en 1980 dans 9 arboreLums situ6s i I'ext6rieur de I'aire principale de
distribution de Pinus banksiana (dans I'est du Qu6bec, en Gasp6sie, aux
iles-de-Ia-Madeleine et au sua Au fleuve Saint-laurent), a cause de 1a
sensibilit6 de Pinus contorta i la rouille Cronartium comptoniae.
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Par La s6IecLion des meilleurs individus parmi Ies provenances
les plus interessantes, nous esp6rons constiLuer des vergers i graines et
faire que cetLe espece pourra 6Lre une opEion valable por-rr Ies reboise-
menLs au Quebec.

Le comportement, sur Ies plans croissance et forme, de trois
provenances de Colombie-BriLannique de Pinus contorta var. latifolia
(Beaver Creek, Reid Lake, Cariboo), install6es en 1972 ) 1'arboretum de

Uatapeaia, est trbs prometteur. Ce mat6riel (semis 2-3) avait 6t6 requ
de Ia p6pinibre de Berthierville par 1'entremise de monsieur Yves Lamonta-
gne. La hauteur totale des meilleurs sujets, aprbs 10 ans de croissance a

partir de Ia plantaLion, est de 4 mdtres.

nrrEnrNcEs

Etude des diff6rences de densit6 basale urBOUCffiR, Gry, 1981 .

d'arbres

DEIUCCHI ,

Ie choix
lus chez I'epinetLe no1 re. M6moire de f r6trrrleq

9v99!v,

Fa cul t6 de Foresterie et G6o sie , Universit6 Lava
ind
I.

MARCO, 1981. Iitude de quelques pro_Pri6t6s- qnatqmlqugq e!-phyli-
Ques de provenances-descendances de peuplier dqllel3s (Populus

Jde maitrise, Facult6 de Foresterie
et G6od6sie, Universit6 lavaI.

VERVIILE, ANDRE, 1980. Etude physico-m6canique de quelques-espb-ce-s 4u
genre Larix en pLunt"tion. ThEse de maiLrise, FacuIL6 de

Foresterie et G6od6sie. Universit6 Laval.



t7B

RECOLTE DE CONES ET AMELIORATION DES ARBRES PAR

DE LA RESTAURATIoN DU MINISTERE DE L,ENERcIE

RESSOURCES DU OUEBEC

Yves Lamontagne

M.Ltui,s.tdte- de, .L'Ene,tqiz e,t dzd Re.t.sotttces
SenvLce dz .La Rz.ttaunation

2008, Cl,t, Ste-Fctq, Qud.be.c, P.Q.
GlR 4X7

Mots-c16s: semences forestidres, peuplement semencier, verger i graines,
s6lection.

Pour r6aliser le programme de r6g6n6ration artificielle pr6vu
dans la politique de d6veloppement de f industrie des p6tes et papiers, le
ministEre de lrEnergie et des Ressources du Qu6bec doit accentuer les ef-
forts au niveau de 1a r6colte des senrences, afin de se constituer une 16-
serve ad6quate de toutes les essences requises dans chacune des zones oi
1'on pr6voit de la r6g6n6ration artificielle.

Environ 10 m1lle hectolitres de c6nes sont requis annuellenent
pour r6pondre :rux besoins du pr:ogramnre de r-eg'en-etation artif icie1le. Le
service de la Restauration du rnlnistdre de ltEnergie et des Ressources a
mis sur pied un programme dr6tablissement de vergers ) graines de produc-
tion qui devrait permettre dans 1e futur, ltutilisation de semences arn6lit>
16es g6n6tlquerment pour 1es besoins des plantations.

RECOLTE DE CONES

Au cours de L979, I L23,7 h1 de c6nes furent cueillis alors qu'en
1980, ce volume a 6t6 port6 e 10518,0h1 (tableau 1). 1980 marque une an-
n6e record pour 1e volume de c6nes r6co1t6s au Qu6bec. Les deux dernidres
ann6es furent semblables quant D. la fructification moyenne de certaines es-
sences comme lr6pinette de Norvdge, lt6pinette noire, 1e pin gris, 1e pin
rouge et le pin blanc.

AMELIORATION DES ARBRES

Peuplements semenciers

Durant 1es deux dernidres ann6es, des travaux ont 6t6 r6alisi:s
sur une superficie dtenviron 300 ha. Les travaux ont surtout consist6 d
nettoyer 1es peuplements d6ji 6tab1is, d d6gager les arbres choisis comme
semenciers, d tailler quelques fldches termlnales et d arroser certains
peuplements contre 1a tordeuse des bourgeons de lr6pi.nette.

LE

ET

SERVICE

DES



Tableau I

L79

Quantit6 de c6nes r6co1t6s, pdr
essence , en L979 et 198'J au Qu6bec

C6nes r6co1t6s en
Irs senc e

L979 19 80

h1
Abies bafsamea
Larix decidua
Larix laricina
Larix leptolepis
Pi-cea abies
Picea glauca
Picea mariana
Picea rubens
Pinus banksiana
Pinus resinosa
Pinus strobus
Pinus sylvestris

L4,4
6,2

64,8
IO,2

643,5
r54,7
635,7
154,0
L04,4
568,2
67r,6
100,0

0r2
lrr

6r6
4,7

538,8
)L )

ott_,_o

290,8
333, B

5LL,4
774,6

Total 7 L23,7 10 518,0

vergers a graanes

Au cours des deux dernidres ann6es, lrentretien des vergers
graines d6jd 6tablis stest poursuivi et quelques nouveaux vergers ont
6tablis.

Dans le canton Briand, la superficie du verger a -et6 port6e e

40 ha par lfaddiLion de 24 ha de semis de pin gris. Un verger d graines
de semi-s de pin gris a aussi 6t6 insta116 dans le canton Duvernay, sur une
superficie de 12,5 ha avec des descendants de 334 arbres s6lectlonn6s dans
la 169ion imm6diate.

Avec 1a collaboration du Centre de recherches forestidres des
Laurentides, nous avons 6tab1i un verger d graines de semis dt6pinette
blanche avec 200 familles provenant de diverses r6gions de 1a Pr:ovince.
I1 est situ6 ) St-Georges-de-Beauce.

Un petit verger de semis df6pinettes noires fut insta116 dans
le canton Normandin avec 60 descendances s6lectionn6es dans les environs.
Egalement, 86 provenances de pin rouge furent utilis6es dans un verger 5
graines de semis dans 1e m6me canton.

La superficie totale de vergers d graines requisc pour 1es be--
soins des plantations a'et6 6va1u6e a 550 ha pour 1a Provincer dont une
centaine d'hectares sont d6ie 6tab1is.

I LU
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S6lection d'arbres

Le programme de s6lection drarbres srest accentu6 au cours des
derniEres ann6es. En date d'avri1 1981, 2500 arbres de diverses essences
ont 6t6 s6lectionn6s. I1s ont 6t6 ou seront multipli6s dans des vergers
E graines clonaux ou de semis, de premidre g6n6ration, selon 1es espdces.
Ces arbres sont s6lectionn6s dans 1es meilleurs peuplements naturels ou
artifi-ciels. Ce rnat6riel de base sera aussi utilis6 dans divers tests de
descendances ou de provenances pour des am6liorations futures.
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VARIABILITE SPATIALE ET TEI4PORELLE DE LA CROISSANCE
2t'

JUVENILE DES PROVENANCES D'EPINETTE NOIRE

OUEBEC
1\L)LOrrl_veau

Centne, de, RzchzneLtz,s [onztLLdnQ,6 dat Launzn.tider
SenvcLe canctdLzn de-.t l,onA-ts

1080 Rctwte du VaX-[-on
c.P, 3800

Sainte-Fo t1 , oJrc be c
GlV 4C7

6pinette noire, black spruce, Picea mariana, provenance,
variat ion.

AU

Armand G.

Itots clef s:

Plus les exploitations foresti6res avancent dans 1a for6t bor6ale o

encourag6es par l.a demande soutenue et Itabsence dtune r6g6n6ration natu-
relle ad6quate aprEs la coupe, et plus les essences proprement nordiques,
tel le rn6lEze laricln (Larix laricina (Du Roi) K. Koctr), le pin gris (!i"q_g
banksiana Lamb.) et I'apinutr" "oir" 

(Picea ng+grrl (Mil1.) B.S.P. ) pren-
nent de lfimportance dans les reboisements. Cette dernielre espdce, en plus
de fournir un bois de premiEre qualit6 pour la pAte et 1e sciage, a la ca-
pacit6 de croitre sur une ganme de sites allant des tourbiEres a* sphaigne
aux affleurements rocheux en passant par 1es sables peu fertiles et les
argiles brop lourdes. Si elle a acquis 1a r6puEation d'essence E croiss;rn-
ce lente, ctest qutelle staccommode souvent dthabitats ne permettant pas un
d6veloppement rapide. Lorsqurelle est plant6e sur des sites de bonne qrra-
1it6, son rendement est sup6rieur i celui de lr6pinette rouge (Picea rubens
Sarg.), t-rop sensible aux vents froids et dessdchement de I'hiver et compa-
rable i celui de lr6pinette blanche (Picea &lguge (lloench) Voss) plus exi*
geante en 6l6ments nutritifs. Sa r6sistance partielLe 5 la tordeuse des
bourgeons de 1'6pinette,6troitement 1i6e i sa ph6nologie, ajout6e i ses
caract6ristiques sp6cifiques en fait I'essence num6ro I pour le reboisement.
au Qu6bec et dans tout lrest du Canada.

Des 6tudes ant6rieures (Kha1i1, L9181 l{orgenstern, 1969, I973,
1978) ont d6montr6 rluril existe des variations g6n6tiques d'origine g6ogra-
phique importantes dans la croissance de lt6pinette noire permettant dres-
p6rer des gains subsEantiels par lridentificaIion et ltutilisation de sorrr'*
ces sup6rieures lors des reboisements. La rapidit6 draccumulation des
gains g6n6tiques sera fortement 1i6e 5 la pr6cision avec laquelle
lfam6fiorateur pourra identifier, d bas dge, les populations ou g6notypes
sup6rieurs. Plus hdtives eL plus s0res seront les s6lections et plus
rapides seront les gains. Les observations pr6coces en p6pinidre
permettent-el1es vraiment de d6celer les provenances 5 fort rendement c.hez

L) Le lecteur est prie
un raPport sommaire

de se r6f6rer E Corriveau et Val16e, I9Bl pour
des progrEs r6a1is6s au cours des dernidres ann6es
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lr6pinette noire? Quelles sont ies relations errtre les coorcJonn6es 96o9r:r-
phiques du lieu dtorigine et la perform;rnce des sources clans le temps, eI
dans divers milieux? Telles sont les questions alrxquelles nous r?ssayons dr:
r6pondre dans cette 6tude.

YATERIEL ET METHODES

Lressa-i de provenances d'6pinette noire a 6t6 initi6 en 1968 par
lr6chantillonnage g6n6tique d!un grancl nombre de populat.ions r:t fo6change
de semences entre les collaboratei.rrs. Cent provenances, 6chr:lonndes sur
quelque 20 degr6s de lar-j-tude et 110 degr6s de longi[ude, dont 45 du Qu6-
bec, l5 des Maritimes , 24 de I 'Ontario et des 6[ats ani6ric-aj-rrs des Gr;r.nds
Lacs, €t, l6 sources du centre, de ItouesL carradien et de. lrAlaska, furent
ensemenc6es 5 la p6pinidre de Valcartier au pri.ntemps I97A, selon un dispo-
sitif al6atoire comp-let de six r6p6titions. A lrautornne de la m6me ann6e,
dix senis par provenance et r6p6rition fur:ent choisis au hasard et rnesurds
quant d leur tai11e et poids . Un noinbre 6gatr cle seinis f ut i.dent i f i6 en
permanence dEs 1tann6e suivante et des mesures de croissance en hauteur.
turent prises au cours des trois ann6es suj-vantes. Six essais de provenan--
ces furent 6tablis en 1974 et 1975 en milieux forestj-ers repr6sentatifs des
grandes r6gions drexploitation du Qu6bec soit les Lar-rrentides, I'Abitibi,
1a C6te-Nord, et 1a Gasp6sie (tableau 2). Des mesures de croissance et de
survie aprEs plantation furent pr61ev6es I lrairtcrnne 1979 dans c'.hacun de
ces essais.

Les analyses de corr6lat ion, r:rt tle 16gression multiple par 6tape ,
conduites d partir: des moyennes des provenances, furent utilisdes pour in-
terp16ter les observations recueil_1ies.

RESULTATS ET DISCUSSIONS

Variabilit6 cemporelle

Les coef f iclents de corr6lat.ion de Pearson c-ntre 1es valeurs mo-
yennes des groupes d diff6rents 6ges, nnus offrent une mesure de Iteffica-
cit6 des s6lections pr6coces des provenances df6pinelre noire. l,e tahleau
I indique que ces coefficients sorrt g6n6ralement forts e[tre deux ann6es
cons6cutives en p6plniEre mai.s qu'i1s s'afia.iblissent proporti.onnellement
au lapse de l,emps s6paranE les clbservatlons. La corr6latii;n enLre 1a
taille des provenances observ6e en pdirini6re et cell.e observde en milieux
forestiers' quatre ou cinq ans aprEs la plantation est de faible (.3< r <
.5) a trEs faible (r < .3). RemarquoLrs 6ga,1-en)enL que les corr6lations sont
g6n6ralernent de signe n6gatlf entrer les c'roissar"rces juv6niles observ6es en
p6piniEre et celles obtenues en ud.lieux fores L ier:s alors qu t elles 6taier-rt
positives entre les observations fai,tes en p6pini.dre 3, des 6ges diff6rents.
Outre l-e choc de transplantation p-lus s6vdre que peuvent avoir subi les
Provenances i croissance rapide, d0 e leur plus forte tai1l.e, ce ph6nomdne
ref lEte sans aucun doute I'inf luence des conditions cliwrt-iques eL 6daptri-
ques des dif f 6rents rnilieux d'exp6riment,ation sur I.'expression du poterrti el
g6n6tique des sources. Les provenances ayant d6montr6 un fort taux de
croissance dans des conditions favorairles de clirnat et de sol de la p6pi-
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Iriat:n sottt d6class6es alr cour-s des prr:rni6res;rnn6es suivarrL 1a irJ-antati.on,
p:rr des soLlrccs 5 croissance plrrs lentc" Rem,.irquorrs qne l:r rclat ion n6ga-
Li ve r:rttrr: les lt:tt.ttctttas {rt ilccro isscnreriIs otrser'v6s cn p6pini6re rrt (:(]Lrx
mtlsur6s en milictrx 1'orcstiers s tltcccrnLue itlr ftrr cL .i mestrrc qlre n()lr:; [)ilsj-
st,ns i des conditions enviroru.r<,rnrciltirl-es pl-us dif t jr:iles l).r exernpLe I{onL
Laurier, Lerc St-Igrl:rcc, l,abi:ievilLe , Amos cL (ltribori!1ainilu; par ordre crois-
sant de s6v6rit6, Ctest donc dir:e, quet phrs Ie clirnat et li:s sofs des
sites de reboisement sont sdvEres et moins ia s6lection prEcoce, effectu6e
en fonction dtune r:roissance rapide en p6p1"ni6re, risque dt6tre efficace et
plrrs 11 est n6cessaire de tester 1es sources dans des conci.itions environne-
rnentales se rapprochant de celies des sites de reboisement.

Variabilit6 IntrinsEqtrc et spati,ale

Toutes les caract6ristiques der cr:oissance juv6nile des provenances
dt6pinette n<tire observ6es err p6pinie-re rnontrent une dj-minrrt,ir.rn signi.f ica-
tive avec lraugmentation de 1a latitude, de la long:'-Lude ct de l?alLitucle
du lieu dtori.gine de ce11es-ci" l,teffer dtorig:'.ne est slrrLout marqu6 atr
cours des premi,Ere, deuxiEme et quatr:i6me saisons de croissence; (r = -.7
avec 1a latitudes r = -.5 avec 1a longitude et "3 avec 1'altj-tude)
(tableau 2). Lt6cart not6 a la 3o saison cie croissance pe(lt srexplicluer:
par lreffet du repiquage des semis effectu6 au printemps dc la m6me ann6e.

Les analyses de r6gression multiple par 6tape renforcent les
corlstatations pr6c6dentes. Entre lr9 et 74 pourcent de la v:iriabilit6 de
la trauteur to Eal-e des provenances d ? 6pinette nc.ire , au cours des quatre
ann6es en p6pini6re est expliqu6 par 1a v.rriabilj.t6 <ies coorclonn6es 96o-
graphiques du lieu drorigine des provenances l-e1 qu'estime! par les coeffi-
cients de d6termination Rz (tableau 3)" La latitude est de loin la va-
riable ind6pendzrnte 1a plus imporf-ante suivie de la trongitude alors qrre
ltaltitude ntapporte une contribution signifi.cative quti Iraccroissernent
obtenu 1a qt-ratridme ann6e de croissance. Le fort niveau de significati.on
statistique des 6quations eL des plans de r6gression calcul6s d6note
ltexistence dtuue variation de nature clinale importante dans la croissance
juv6nile de -l'6pinette noire D travers son donaine. Une tel1e variatior-r a
6t6 not6e par Morgenstern (L969) 5 t'aide de ,l-'ana1.yse de variance. Nous
verrons lors d tune 6tude ult6ricure que cette te.rrciance esL beaucor-ip noins
marqu6e dans 1'est du dr-rmaine de I t eslrelc.e.

Lreffet d'origine, indiqu6 par les coefficienl-s de corr61i1tion,
sur 1es hauLeurs dc:s provenances observ6es en rnilieux forestiers est beau-
coup plus saccad6" l,ralritude seulement ir alors une influcnce significa-
tive. A Amos, site or) pr:6va1ent des conditions climatiques et ddaphiques
trEs s6vEr:es, une corr6lation positive a 6t6 t]:ouv6e entre la longitude et
1a hauteur des provenances, quatre ans aprds la plantation (tableau 2).
Cette relation sr6tend aux deux autres variables ind6pendantes lorsque
I taccroissement en mi lieux f orestiers seul esI c.:onsi-d6r6. ]l€r,ls ces coltd i-
tions s6vEres les sources nordiques se sont donc, mieux d6veloprp6es que 1.e. s
solrrces plus sudistes n6me si 1es provonances it tont p;is Ltncore atte j.nt- urr,
taille suffisante pour subir les froids extrGmes de 1'hiver et qutentre
vraiment en ligne de cornirte leur dif .l 6rentiel de rusricit6. Notons qu taux
deux sites de climat continental et froid soiI Amos et Chibougamaur les
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R6gression rirultiple par 6tape de la hauterrr [oEale et de
lraccroi:;sement annuel des provcrnances dr6pinette noire sur
les coordonn6es g6ographiques de Leur lieu drorigine i 1a
p6piniEre forestjEr:e de Valcartier (Xr = latittrdt:,
X.l = I 1ri11;i l-rtdrr , f,.t .- rr.l t i Irrdr: )

REcRESSIoN |{uLIlPLEa )AU h] R2

I\) ilauteur t otale
Ian
2 ans
3 ans
4 ans

B) Accroissement annuel
I " saison
2" sai son
3 o sai son
4 o silison

Y= 3.41 - .02l4xl - .0066X?
Y= 24.47 - .343X1
\= 42.6t - .)rlA1
Y= 93.13 - 1.I44Xt

Y= 3.41 - .02i4xl -
Y= 20.52 - .300X1
Y= 20.89 - .26BXt +
Y= 50.30 - .623X1 -

.0066x2

.029X2

.o73X2 - .0016X3

.62

.50

.49

.20
/,o

Tableau 4. R6gression multiple par 6tape
lfaccroissement p6riodique en
provenances dr6pinette noire
de letrr lieu d'origine: Xt =
X3 = altitude, Y = centimEtre

de la hauteur totale et de
rnilieux forestiers des

sur 1es coordonn6es gEographiques
lat j.tude , X2 = longitude,

S ITE REGRESSION MULTIPLEA) R2

A\

ts)

Hauteur totale i
Valcar r ier
Nlont Laurier
Lac St-Ignace
Labrieville
Amos
Chibougamau

139.2 - .0l52xl
143.0 - .0223xr
80.2 - .0072xr
90.6 - .0l07xl
93.3 -.0i45x1
88.9 -.0r12xl

.001 7x2

.o042x2

.0007 7x2

.0o22x2

.0043x2

.oo24x2

.00r8x3

.917x2
.194X2 - .0025X3
.lt8x2 + .0018x3
.0024x3
"0016X3

[0 ans
Y=
J=
Y=
Y=
t=
{=

+
+
-r
-r

+
+

.2r

.58

.15

.22

.81

.39

.05

.05

.30
lq

.'20

Accroissement p6riodique,
Valcartier Y =
Mont Lar.rrier t =
Lac St-Ignace Y =
Labrieville Y -
Amos J =
Chibougamau Y =

55l0ans
36.29 + .803X2 -
42.75 - .429X1 +
-11.22 + .755X1 -
-1r .39 + .7 42XI -
- 9.r4 + .498xl +

- 9.72 + .394X1 -

Les r6gressions multiples sont celles dont la derniEre
variable entr6e contribue E accroitre la valeur de R2
par plus de 2O% de sa v;r.leur ant6rieure"

d,/
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(:oef f icjt:nls iit, cor:r6Lirt.ior-t sont de rn6me signe .lt itfilplituclr:. (jette simili-
irrrit' rii':; Ltorrdl.;rtions se pr6si.rnLcr 6galement aux sites det r'l imat humidrr e.t
l roid (iuc sonL Labrievillc: t:I Lac St-lgnacc reIL6t.int rrno cr]rtzline st;rbi l i-
trl clans; 1a r:6rictiou cies sorlrces f aco au cl imat.

Cc' trlt6nomdne cst rnoirts apparenL clans Les plans dc r6gression rnrrl -
tiple de I a itauteur Iotale Ces provenances en mi i,ieux f r;restiers sl]r les,;
cot.rrdonir6cs 136ographiques de leur lieu dtorigine (tableau 4). La diminu -
Eion de harrteur des provenances avec lfaugmentation de La Latitude refltjte
erlcore la rdponse des provenances aux r:ondit ions environnementarles de l.;,r

p6pini Ere. Qrrinze 5 81 pourcent de la variation en ir;luteur des provenance:s
es t expliqtr6 par les plans de r6gression. Quant ;ru signe Positif <ies
coef f lcients de 169ression de la var: iable Longitude, alors <1rre la corr6ltr--
tion avec lzr hautetrr des provenances est n6gative, ii sterxplique par sa
co1in6:irit6 zivec la latitude, (r = . 78). CeLte aberration pourrarit 6tre
corrig6e par: ltuIi lisation de ].a r6gre:ssjr.in pser-ido'-orthogonale (Boudoux r:t
Ung 19/8) mais au prix dtune perte de rluelquer ciix pourrient rlr: l.a variation
cxpliqu6.

Les ltians de r6gression multiple obt('nlrs a part i-r de s accroisse--
mcnts en miLieux forestiers confirment les observations sorrljgn6es ant6r'ieu-
rement,, s<.rit une grande similitude entre les r6sull.irts obtenus aux sites {e
conclitions climatiques comparables. Ces plans indiquent de fagon 96n6r:ale
trn acc.roisscrnent plus rapide des provenances nordiques (ial)s des si tes de
conditions climatiques plus s6vEres clue cel1es de la p6pinidr:e (tabl,r:arr 4).

Probablemrrnt d0 au choc de Lr:ans1>lantation et i la difficult6
d'irnpLantatiou des semis sur 1es siEes dtexp6r:imentation, 1es plans cic
r6gression multiple expliqrrent une faj.b.Le fraction serrLement de la
vari.ation de 1'accroissement des provenances soiL entre 5 et 30 pour:cent.
NoEons que 1es Rz les plus faibles oirt 616 obtenus sur 1es si.tes aux
condiLions clirnatiques comparables 5 celles de la p6pini6re et aux condi-
Iions 6tlilphitltres les moins s6v6res. Ceci porte 5 croire que les pentes r]cr;
plans de r6gression ob[enus ne sont par] dues exclusivemenl aux caract6ris*'
tiques d rad:'rptation des Lrrovenances mais plut6r A une r:elation de cause i
effr:t entro Ltorigine des sources eE leur fa':il-it6 dtimplantali.on sur 1es
sites. I-es sources nordi-ques, de taille plus petite, auraient subi un choc
de transplantation moj-ns s6vdre que les sources sudistes de plus forte
taille et a-insi auraient repris une croissance normale plus t6t que les
Provcnances sudistes. Cette hypoth6se est appuy6e par des co116lations
n6gntives calcul6es i la fois entre les hauteurs des provenances au momenl
de la plantaIion et leurs accroissements subsdquents ainsi qutavec lerrrs
taux de survic d Chibougamau (r = -.37'l*), Latrrieville ( 45**) et Amos
(r = -.29**).

Il. semble donc qutil faudra aLtendre que 1.es plants se so j-cnt bi('n
j-nsta116s dans chacun des sites et que ltef f et de plantatirin ail- dilp;lrLr
avant qutune interpr6taf ion sore di:s perf r)rmances d6moritr6es en riri-l.ir:rrx
f orestiers puisse 6rre faite et- qutune sdlection ef f icace des meillelir.rs
provenances en fonction des grandesi r6gions de r:eboisement puisse 6tre
effectu6e.
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AMELIORATION GENETIOUE DES ARBRES DANS LA MAURICIE

J. 869in

Comysagrie TntennatLlna.LQ- de Pcty:ien du Canada
Ed,L[icz Sun. LL(e
Montttda.L, Qud,bec

H3B 2X1

Mol-s-cl-ofs: Vc:r'gcr r:lonel, verlderl dc sernis, test- de rleseendance, test- de.

[)r()\/()nan(]c, pin gri s, 6Jrincttes, m51dze iaponais,

Dans I er di rri si on Saint-Mauri ce, 1a r'echereLre en anr6 I i orati on
g6ni.Liqur-. s'orien t.<-' rrr:rs 1a production hAtive drarbres pors6dant de bonnt.s
qr.ra1lt6s pal.retidres. On s'int5resse surtout aux esseinr:es inr'i'igdnes riont' lr.
pin grls (l''inus banksiana Lamb. ) et. 1'6pinet-te noire' (Pi,-c,'r. mariana (Mi11. )

BSP) silns pour auLant n69ligor les essences ri 'avenir comme Ie rn5lFze jarro-
nais ( Larix lepto,lepis Sub. and Zur-n. Gorct. ) ei lt6pinette rle Nonrdse
( l'i., it abics / 1,. ) Iu arst) .

PIN GRTS IIT LIPTNE']'TE XIOIRE

Le gros du t,ravai.l en am5liorati on porte sur les essences indi-
gdnes qui ont rt6.jd marnifest6 leur adaptation i Ia r6gion. lrne premiEre
reconnaissance sur 1c. terrain permet de localiser les r6serves rl('s€rnpn-
ciers. Ce sont 1e plus souvent des Jre'trpl ements .jeunes ( 20 a 'l(r ans F)our
P. banksiana et 3cl d 70 ans pour P. mariana) oilrde faqon cons j stante, polrs-
sent des arbres vi.goureux et de belle venu(). Les plus beaux su.iets sont
identif i5s l-ors dtune seconde reconnai ssance et on r6co1te,1 ']'ri \/cr venu,
leurs c6nes c,t, I eurs sreffons.

lln tot al. de 119 tiges de l'. bernks; i erna ert 50 cle P. mar j ana on t.

ains'i fajb I'ob.j et d'une s6leetjc,n A'i f" "idn'rf isLe" arr ".i"=-F-TGtn;,,tgBO. Les semences obtenues de ces arbres serviront rians un premier temps
A consrtituer un test de descendance. Paralldlement, on prSparera en 1982
des vergers ) graines c-,il seront repiqu5s 1es semis-plus prodrrits rlans lel
serres de O.T.P. d Harrington. Toutefois, d'iei d ce oue ces vergers com-
mencent ) fructifier, 1'approvisionnement en semences viendra cle peunle-
ments choisis (r'Sserves de semenciers) rehaussant ainsi 1a qualit6 des
qcmi q rrnnrlrri F<

Paralldleme'nt ) la local isation eL d f a r6r,o1te rju rnat6rir., I s6r'7-
tiqur'se planifie I'installation des rliff6rent:: verg:rs e1. tc'sts; r'Je descen-
dance, 0n compte d6.j d un terrain de t ha derrant serrrir de tes;t rle descen-
danee . l,es autres travaux rrraiment tangi bles sont ax6s sur' 1a reproduc | 'i on
asexu6e des arbres-p.Ius.
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I'l us.; de 169 arbres .jug6s sup6rieurs ont ainsi 6tF reprodui'ts i
rine moyenne de quinze "exemplaires" chacun pour former une banque clonal<'
rle 24OO rame-'ts vivants. On se propose de rcpiquer ces ramets au cours de
1 t51.6 procha:in pour amorr:er' 1 tinst-a1lation d'rrn verger c1ona1 .

ML]I-FJZII JAPONA I S

Parmi 1es essences exotiques suscelrtibles de reboiser 1a 16gion
du Saint-Laurent et des Grands Lacs, le m6ldze.iaponais (L. leptolepis)
compte parmi les essences les plus prometteuses. Soixante di x-neuf prove-
nances de m61dze japonais faisant partie de f'exp6rience 42a-R-3 ont 6t6
plant6s d Batiscan prds de Trois-Rivj6res. Chaque provenance est repr6sen-
t6e par r.rn total de cent semis formant dix r6p6titions. Cette disposition
permet.bra de convertir le test en un verger d graines une fois les meil-
leures provenances connues"

i.,r6vaf uation des 79 lots de semis se fera sr:rtout d'aprds ler:r
eroissance et leur r6sistance au froid.

EPTNETTE DE NORVEGE

flien que susceptible aux ge,l5es et au charenqon r1u pin blanr:
(Pissodes strobi (Peck)), 1'6pinette de Norvdge (Picea abies (L.) Karst)

";* pE""t" p"= moins un bon potentiel comme essence de reboisement. Tles
'l. eqf q nnt nanmi q dli qn'l on I eq nnnrronAn^F< I oc nl rr< nnnmo|.l.arr<oc' rvJ t/r

De concert avec l-e Service Canadien des tr'orGts et le Centre Flco-
logique de Harrington, nous 6tablirons 1'an prochain un verger clonal des
meilfeures provenances de cette espdce. Ce verger sera situ6 i Ste-AngB.ler-
de-Laval, prds de Trois-Rividres.

Par a1f leurs, poursuivant 1 'opinion 6mise par NTE\ISTAIIDT ( 1ci 6.5) ,

nous avons implant6 50 greffons d'5pinette de Norvdge fP. abies) sur de
jeunes gaulis dr6pinette bl-anche (Picea glauca (Moench) Voss.). L'exp6-
rience regroupait cinq clones de P. abies ( AS 81401 d AS 3-l 4O!l ) appartenant
d 1'exp6rience ?-77-D-1 de la provenance Proulx, Oue. (aOPz). Cet essai
pourrait bien se poursuivre sur une quarantaine dtautres clones si les
r6sultats s'avdrent concluants.
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TREE IMPROVEMENT AT I!EW BRUNSI^IICK DEPARTMENT

NATURAL RESOURCES

R.D. Bettle and E,D. Stinson
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The New Brunswick Depari ment of Natural Resources has been in-
volved with tree improvement work since the early 1970's. ln I974 an

operational tree improvement program was initiated with the Czrnadian
l'orestry Service, Fredericton, provi<ling much of the researc-h and technir:al
guidance.

The New Brunswick Tree lmprovement Council. was formed two years
later in order to consolidate the tree improvement etforts of both govern-
ment and industry (Coles 1979).

The r:eforestation effort of the New Brunst+i^ck Department of
Natural Resources includes the outplantlng of 30 million seedlings
annually. At present, this involves planting 16 million black spruce, I0
million jack pine, 3 million white spruce, I million tarnarack. Accord-
ingly, the improvement effort has concentrated on these species. A sum-
marv of this effort follows.

STAND TESTING

To date, 48 promising black spruce (Licea mariana (Mi11.) B.S.P.)
and 52 promising jack pine (lt_gg!_-bg"L1i=151 Larnb.)
served. Stand testing has been conducted for tnost
5-year height measuTements have been taken. Based
a few of the best ones have been designared as seed
far, approximately 50 Kg. of black spnrce seed has
designated stands.

stands have been r:e-
of these stands and
on these measurements,
collection stands. So

been collected from

PLUS TREE SELECTION AND BREEDING

To date, 26I black spruce and 301 -jack pine have been selec[ecl.
Open pollj-nated farnilies from these selected trees wili be used for seed-
ling orchards. A1so, 40 white spruce (!_rgea glauca (Moench) Voss) and 24

tamarack (Larix Laricina (Du Roi) K Koch) superior indlviduals have been
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selected for usc in clonal orchards. Some of the grafte<l material will
be outpJanted in hedges in order to provide suffi.cient numbers of scions
for all Council members wishing to put in an orchard.

ORCHARD ESTABLISHMENT AND FA]VIILY TEST

To date, 13 hectares of black spruce, 5 hectares of jack pine,
8 hectares of ottawa Va11ey white spruce, and 2 hectares of tamarack
seedling or:chard have been outplanted. Corresponding family tests have
been outplanted by the varj-ous Council members throughout each speci-esplanting range with the exception of tamarack for whj-ch no family testing
was conducted. Plans for 1981 include outplanting of an additional 4
hectares of black spruce and 3.5 hectares of jack pine seedling orchard.

Forty (40) hectares have been reserved for white spruce and
tamarack clonal orchard. Outplanting will begin in 1982 with a sma1l areaoflto2hectares.

PUBLICATIONS AND REFERENCES

Coles, J.F- 1979 New Brunswick Tree Improvement Council makes im-
pressive strides. For. Chron. 55(1): 32-33.
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1979 AND 1980
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spet:ies irybridizatiorr,
organ cu.l-ture, Picea,

It is estimat,ed that almost 10() urillicln trees w111 be plante.l
artnually in the Maritimes by i987. An opportunity exists f.o sutrstantiaily
increase forest growth in the Region by utilizing genetically superior
seeds and seedlings in these reforesta[.iorr programs. The objectives of
the tree breeding r,uork at the Marit irnes Forest Research Centre (MFRC) .]re
to determinc the amount of genet ic i.rnprovement attainable within prornising
tree genera and to provide resource managers of rire Region with the
information aird breeding materials reqriireci to obLain a realistic gener r,.
improvement.

HYtsRIDI:4ATION IN PICEA AND LAR.IX

lnL+:l'specific crossing work. was cont.inued in 1979 and 1980. In
I979, a total- of 268 tree x po11en cornbin..rtiorls was atternpted using wtritr:
spruce (Picea glauca (Moerrch) Voss. ) btack spruce (p. marr'-ana (t{il r.)
B. S. P. ) red spruce (P . rubens Sarg . ) an<i Norway spruce (p . lESs (L. )
K:rrst . ) as f emale par,ents ror crosses with whi Le, blackr- sifrra i1
sitctrensis (Bong.) carr.), Brewer (p. breweriana s. wats.), Taiwan (t,.
morrisonicola Hayata), and Wilson spr"ce 1e. wiisonii t.ia,;L . ) . Ttrc trJ,r r,r
serbian spruce (P. omorika (pancic) purkyne) x black spruce was back.-
crossed to both parents. Of the crosses attempted, 118 were white x Sitk;r
and yielded almost 40,000 full seeds. The cross black x Sitka which was
f irst made successfully in 1974 w,,ls again successful in 20 of 24 attempts.
Aside from the backcrosses of the Serbian x black spruce hyi:rid which wcr.:
highly successful, the other crosses yielded only a few seedlings whictr as
yeL have n<>t been verified as hvbrids.

In 1980 , 163 tree x pol1r:n cr.rrnl' jnat iori$ were .iLi.ernpte<tr usi,:i;
white, b1ack, red, Norway, and bl.Lre sl)ruce (p. ggtgens lingriru-) as fenrt]-r,
par€lnts for crosses with black, SiLka, Taiuari, b1 ue, ancl Oriental. sprLrce
(P" orientalis (L.) Link). Ttie liybr:id Serbian x black wa$ crossed witrir
Sitka and again b:lckcrossed to bl-ack :ij)r ucd. 1n adci itiorr, L\^/o 5-cree
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dial1e1s of black spruce hlere suc-:cessf rrl1y completed lln c-ooperation v/i r!r
llniversity of New Brunswick gradr,rate student T..i. Mu.l.1in" The white x
sitk:i crosses were-. again hr'gtr1y sucr:essful; 11. oi- the i4 bl.+ck x Sitka
crosses yielded viable seeds and all lB crosses of (ser:bian x black) x
Sitka produced a few viable sr-:eds.

During 1979 and 1980 work on vegetati-ve propagatir.rn of select.r,d
hybrid spruces \^7as continued with emphasis on the while x Sitka and bl at.k
x Sitka hybrids. The first clonal field tests of these hlrbri6u rur"
pl.anted in 1980.

Tltirtv selected Japaneser larch (Larix lepto..l-epis (Seib. an{,1
zttcc.) Gord.) were used as pollen llar:enrs T; crois'.ls;- "ifii-,tp to nine
tester fernales. These rnater ia1.s are being used for progerly testing.

SPECIES AND PRTJVENANCE TRIAI,S

The objective of this work is to improve fcirest growth in the
Maritimes by determining Ehe best adapted and productive species and Ehe
best provenance within these speci,es for use in various locations in the
Reg ion.

A publication on provenances of Norway spruce based on evalua-
tion of 10 provenance experiments pJ-anied in the Maritimes b,etween 1961
and 1972 was cornpleted. Norway spruce frorn easfern Polan<i and fr:om mi-cl-
elevations in the Sudeten and Carpathian Mountai.ns of southern Foland per-
form well when planted over a wicie range of s;ites in central arrd southern
New Brunswick, Prince Edward Islandr altd Nova Scot-ia. Provenances frorn
east of the Baltic sea, i.e., norttreastern poland, Latvia, Lithuania,
\testern Russia, and White Russia are reconunended f or use in norttrerir New
Brunswick.

In ttre late surnmer of 1979, 5-year he:ight and surv ival- !,r{i!re rc.-
corded for tlie cocperative range-wide black spruce provenance tria1. This
trial is planted in 10 locations in tlie Marillrnes with 50-100 provenances
represented at each location. Prelirninary evaluation of the data suggests
that "best" provenances for the l"laritfines can be found between lati.rudes
45"-47"N over a wide range of longitu<le extending from the east co:rst well
into the Lake StaEes"

POPULATION STUDIES

In 1979, all the work on population struct.Lrre was consolidated
under this study. Major constituent exper:iments include five white sprrlcrl
population structure studies; as well as ottrer intrreeding studies and
progeny tests wiEh black spruce and tamarack (Larix laricina (Du Roi) K.
Koch.). The objectives of these studies are t,l aefermine average degrce
of inbreeding in the natural populations of the respective species and its
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r:ffects on both qtrantitaLive and qrralitative traits, arlrl to provitle
assistance in deveiopment of Lree irnl;rovemerrt strategies.

,\ pr:ogeny tesL in black spruce designed to provi<le gent, l [c
parameters of unirnproved plantarions has been started" An obiect-ivt:,rf
this study is to explore the possibility of converting young plari[aLions
to seed collection areas to be used unti-l genetically improved seeds ar()
available from seed orchards. Thi.s test incl-udes 100 families from
plantation-gro\^1n trees and 30 families f rorn natural populations, and is
field planted in three locations in New Brunswi,ck.

Population studies of tarnarack received rnajor emphasis in l9ti0
in accordance witli increased interest in the species anong industry and
trce breeders. A neighborhood inbreeding study of tamarack by rneans of
four-subpopulation disconnecred diaiiel crosses inciuding selfs anri
disconnecLed factorial crosses has been analysed for percent sound seed,
survival, greenhouse height, anci nursery height and a manuscr:ipt was
prepared. Estimates of relationship coefficient among near*neighbor:
( radius 22 n), mid-distance (59 m) , and long-distance (135 m) Lrees r^/ere
found to be O.256, O.226, and 0"112, respectively. SeJ-f pollination
resulted in a signi,ficant reduction in seed set. Estimates of lethaI
equivalents for the selfed trees ranged from 3.0 to 19"3 with an average
number of 10.8. R.elativel-y J-arge specific combining ability variances
were obtained for early seedtring heights, ilowever, interpretation and
application of the variance componeirts r,r'ere not cl-ear becausr* of the
degree of relatedness among rreighboring trees.

Itn open pollinated progeny test of Lamarack from three loca1
populations has been established in four Locations in the Plaritimes
Region. This test involved 48 open-pollinated families and, at each
location, four replicates of four-tree plots were field planted.

The materia.ls for a clonal progeny rest of tamarack for rhe 19[tl
field season ar:e being propagated. This work involved production of first.
stage rooted cuttings from 30 seed propagated families. Wirhin each
famllyn 10 trees were selected, amourrf-ing to a total of 300 clones. Up trr
nine cuttings per: clone were proiltrc-eri through juvenile cuttings tecirniqrrr:.
Eighty rooted cutt-ings per clone were prodi,rced f,rorn ttre f irsf stage rooterl
cuttings, amounting to a total- of 24,000 rooted cuttirrgs fr,.rr the
experiment. The rooting success was satisfactory, but refinement of the
juvenile cutting technique for mass production of mater"iat would prove
usef u1 , especially because the percentage of sound seed i.n the species ti..is
been very 1ow.

TECTINICAL ASSIS'IANCE PROGRAM

Operarional tree irnprovement in tirt: Marit i.nies i{eg ion .i-s

pr:ogressing rapidly with technical assistance lreing provided to aL i ttri:c,--
provinces by the Maritlnes Forest iiesearcir Cer) [re.
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Prince Edwlrd Island has recently completed a 1,-rrge greenlrt;us<: *
headerhouse complex, part of which ls being used fttr tree i.rnprovement.
The provlnce has begun a program of setrect ion in bl.ack sp{'uce arrd tamarack
and expects to expand to other species i.n Ehe near i:uture. rn 1980, the
Department of Forestry outplanted a 3 ha seedling seed orchard of black
spr:uce from l{ew Brunswick sources anttr this wili be exDanded with Prince
Edwar<l Island and New Bruns,,'ick sources in 1982"

wo rking
s trobus

The cooperative tree irnprovernent pro.qr;utr
with white, red, black, and Norway spruce,
L.) and will be reported separatr:ly.

in Nova Scotia is
and whi le pine (Pinus;

The New Brunswick Tree Lnprovement Councilts crroperaLive program
with industry and government is continuing to concentrate on black and
white sPruce, jack pine (Pinus banksiana Larnb") and tarni:lrack. The black
spruce improvement program has selected approxl,rnately 450 plus trees to
date, most of which have been es!-ab"l-ished in seedling sced orchards and
family tests by the cooperators. About- 40 ha of 'ol.ack spruce orchard has
been established by five cooperators since T979 re.nc| these wii-1. be expanded
in subsequent years. The one srnall orchard est-ablisirecl in 1978 is doing
extremely well and we expect to have some flowers next. year"

The jack pine prograrn in New Brunswick was stallerd drrri,ng 1980
but the two orchards established in 1979 will be expanded in lgBl with
seedlings f rom 105 addit ional se-lected f amilies . llhe Council recentJ-y
reported the results of 5-year measlrrements on oui- first jack p,ine stand
test. Five stands have been dr:signated as seeci collection ar:eas.

The white spruce ancl ramarack programs arr: e,rpanding. It has
beerr dif f icult to produce suf f iciernt ramet$ F-o estabL Lstr clrrnal orcharcis -

Because of this, MFRC and New llrunswi.ck Department of Natrrral Resourcr:s
have established hedges to be managecl f or sc-ion prodrrc E ii:n and hopef u-l I y ,
these will produce enough malerial to sati.sfy the orchar:d demand.

APPLIED TREE II"IP}(OVEMEM PROBLEMS

Many small, but important clevel,opment pr<tblerris arise iLt
conjunction with the initiation and implementat:i-on o-f appried cree
lmprovement prograus. Studies have been initialed co detertnine the effecl
of differenL thinning and fertilizer rtrgimes upon florser: production in
young plantations of white and black spruce. Mrite sprrur":e and ta.marack
cone developrnerrt has been monitored over the past two growing seasons in
an attemPt to obtain maturity indices for use in extending Lheir effective
collection periods. Preliminary woi'k has been clone on establishing a
damage appraisal system for cone and seed i.nseccs. Finally, tite cone,/seed
storage and handling techniques currently used irr the Region are being
studied to determine if the ful1 potential of tlie crops is being realized.
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TISSUS AND ORGAN CULTURE

l) In Vitro VegeEative Propagation of Mature Conifers

Small, adventitious ernbryo- and shoot-like structures have been
produced i.n bud cultures of several- conifers. Their formacion is
stimulated by cold storage and pretreatrnents with EDTA and ualonic acid.
(Bonga 1980, f98i). So far none of the adventiEious structures have
developed into normal plants.

2) The Production of Homozygous Haploid Plants frorn Halploid Tissue
Cultures of Conifers

t"Iale and female gametophytes readily forri cal Ius in vitro. Ihe
callus of female gametophyte "rigin is completely iraptroid anti Eil?-it,s so
through many subculEures over several years. The caLltls from male
gametophytes on the other hand is composed of hapJ-oid, diploid, triploid 

"
and aneuploid cells. The non-haploid cells may have arisen from
bi-or-tri-nucleate cells in the pollen or polJ"en tubes in wkrich the nuelei
have fused. If so, then [he diploid ce11s in the callus wou]-d be
homozygous diploid and, theoretically, these cells could serve as the
source for the production of homozygous diploid plants. To determine Lhe

origin of the non-haploid cells, new karyological tr:chniques are required.
Sonoe progress has been made in that direction (Bonga 1978,1979) and
efforts to perfect the techniques are in progress.
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I.'PDATE OF TREE IMPROVEMENT AT FRASER iNC,

EDMUNDSTON, NEW BRUNSI^IICK

M.A. Mubareka, R.P.F.

Ftt(r-'eh.7nc.
W o o dLanda 0 epantme.n (.

Edmund.tto n, N et) Bnun twLch
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Keywords:Plus tree selection, family tcst, seedling, seed orchard,
stand test.

Fraserts tree improvement program has been directed to gradr-rally
obtaining improved stock to plant 14 million seedlings annually. Also,
to fulfill Fraserts commitment as a member of the N.B. Tree Improveme,nt
Council, Fraser's objective is to supply the nursery with improved seed
by the year 2000. Since l.ate L976, Fraser Inc. have been participating
in the Councilts recommended program to select and test black spruce
(piqea mariana (Mill. ) B . S . P .), L{hite Spruce (Picea g_1g""" (Moench) Voss )
and tamarack (Larix lariciana (lu noi) K. Koch).

The following report contains an update of Fraserts activities
in the tree improvement field since it started in L976/77. Activities are
herein reported for the first time to the Canadian Tree Improvement Asso-
ciation:

PLUS TREE SELECTION

To date, six (6) tamarack plus trees have been selected. Scions
from two (2) tamaracks were collected and grafted at Acadia Forest Ex-
periment Station near Fredericton. A total of fifty (50) white spruce
plus trees were selected. Scions from forty (40) of these were grafted at
Acadia. Also, a total of L69 black spruce plus t,rees were selecteci.
Cones were collected from 143 of these. Twenty four (24) plus trees i,rre

banked for future selections. Two (2) plus trees were cancelled due to
cone damage. Seed from black spruce plus trees have becn rrsed within ther

N. B. Tree Improvement program for seedling seed orchard and family iest
establishments since 1978.

BLACK SPRUCE SUPERIOR STAND SELECTION

In 1977, two high quality black spruce stands urere located and
used for stand tests in the 1978 N.B.T.I.C. programs.

GRAFTING OF WHITE SPRUCE SCIONS

Tn 1979, scions from 27 white spruce plus Lrecs were grafted by
Fraser employees. Sixty per cent (60Z) of the grafts strr:vived the fi.rsi
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growing season. In 1980, scions from thirteen (13) white spruce plrrs
trees were grafted by Fraser employees. Survival rate was 4A"42.

BLACK SPRUCE SEEDLING SERD ORCTIARD ESTABLISHMENT

In 1978, a 3.8 ha site ncar Fr:aserrs Forest'Iree Ntlrsery at
Second Falls, N. B. was laid orrt and planted with seedlings from 77 plus
trees selected in 1977. A toLal of 14,000 seedlings we-re planted.

Late in 1978, a new site near Plaster Rock, N. B. was selected
to establish further seed orchard plantings. The site contained 20 ha of
prime agricultural land.

In L979, four (4) ha were planted with see'dlings from 158
families selected throughout New Brunswick. A totai of 18,000 seedlings
were planted. In 1980, an additj-onal. 3.8 ha was p1-anted with 16'700
seedlings representing 136 plus trees selected in 1979 throrrS;hout New

Brunsruick, During L979 and, 1980, the seed orchard sites were kept in well
maintai-ned condition.

BLACK SPRUCE FMILY TEST ESTABLISHMENT

In 1978, three (3) black spruce family tesl-s \^/ere established
in Green River, Kedgwick and Plaster Rock areas. The tests represented
76 f.amiLies planted at the Second Falls seedling seed orchard. Each
test site included L.22 ha to contain 3"040 seedlings.

In L979, two (2) black spruce family t:ests were established. llhe
tests were, located in Plaster Rock and Green River areas" Each test re-
presented 136 families, planted with 51440 seedlings on 3.0 ha'

In 1980, two black spruce family tests were established in ad-
ditional locations on Fraser limits. The Plaster Rock family test in-
cluded 125 families (4,800 seedlings on 2.5 ha) and the Green River test
site was established on 2.5 ha, rePresenting 112 famil-ies (4'480 seed-
lings). Test sites varied in conditlon and locations to cover a variety
of typical planting sites on Fraser limits.

STAND TESTS

Two (2) stand tests vere established in 1978. Ttre- Green River
stand test contained 3r440 blaclt spruce seedlings' representirrg 43 stands,
on a 1,42 ha site. The Plaster: Rock stand test site contained 3,440 lack
pine seedlings representing 44 staqds on a 1.42 ha site. Both tests
suffered 207" to 257" moxtality due to drought. Dead seedlings could not
be replaced.

OTHER PROJECTS

Approximately 1r800 white spruce seedlings \,r'ere l:epotted late
19BO to be used as; root stock in a 1982 white spruce grafting program"
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1981 TREE iMPROVEMENT PROGRESS REPORT

J.D. IRVING, LIMITEDT NEW BRUNSWICH/ CANADA

lional.d G. Wasser

Stu.tex Tnze Nuntenq
SuL6 Lx, Netu Bnun"twich

EOE lPO

This report covers the initiation of a genetic tree improvement
program and other research activities during the period 1979 - 1981. It
describes the annual reforestation effort for company lands and species
selected for tree improvement activities. It also describes the acquisi-
tion and development of a clonal orchard site, greenhouse propagation,
cooperative efforts with the Canadian Forestry Service at Fredericton,
the New Brunswick Tree Improvement Council and other associated research
projects. The overall objective of all activities is to develop opera-
tional company seed orchards and related breeding strategies for the
production of genetically superior reforestation nursery stock.

REFORESTATION

During the past 25 years, more than 13O million seedlings have
been successfully planted in forest plantations on Irving lands in
New Brunswick. At the present time approximately 15 million seedlings
are produced annually at our nurseries and outplanted on site-prepar:ed
areas. Site preparation measures are varied depending upon ths hsrvest-
ing residues and topography but do include tractor-drawn rollers (chop-
pers), crushing machines, bulldozing, V plows and burning. Plantations
are established at a density of about 90O seedlings per acre and alI
planting to date is done by hand.

The major species grown in the nurseries and outplanted on
company lands are black spruce (32%), white spruce (32%), jack pine (287")
and tamarack (87"). Other species such as exotic larches, red pine,
Norway spruce, red spruce and miscellaneous hardwoods are also produced
and outplanted on a very small scale on selected sites.

Conrnercial seed collections are made annually based upon the
need by species. Since J. D. Irving, Limited has older spruce planta-
tions of known origin, cone collections occur here. Collections are
made from only the most vigorous and best phenotypes in;ln effort to
improve the genetic quality somewhat through mass selections. The
collections of jack pine and tarnarack are made f.rom natural stands witir
emphasis on vigor and quality. Collections from pi-antations involve
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laddcrs, whilc pine and t;rmarack trees are usually felled for collection.
Some seed is:rlso collected on a contract basis for sale or exchange with
cooperating agencies.

GENETIC IMPROVEMENT

Prior to the initiation of a seed orchard program, plans were
activated for the genetic improvement of seed needed for nursery pro-
duction. Collections were made from only the best phenotypes within a
plantation of knowrr origin or from natural stands. In addition, stands
were marked and heavily thinned for the establishment of seed production
areas. Seed production areas now exist for black spruce, white spruce,
jack pine, tamarack and red pine.

For maximum genetic gairg a genetic tree improvement was planned
and initiated in the late 1970rs. The four species selecLed were those
of major importance in reforestation activities and superior tree
searches began. During 1980, a total of 44 superior trees were located
and accepted for the four species involved. These trees were grafted
during March 1981 in a company greenhouse at the Sussex Nursery for
eventual orchard establishment. A total of 1,5OO grafts were made.
However, additional superior tree searches and propagation will continue
until a minimum of 1OO selections per species are located.

A clonal orchard site was located during 1980. This forested
site is presently being harvested and land cleared, with anticipatiorr of
beginning orchard establishment in 7982. A total of 25O acres of clonal
orchard is planned for the species involved. The orchard site is about
4OO acres in size to permit adequate pollen isolation, and soils are
sandy loam for access year round. The area i.s nearly level and has good
cold air drainage. In addition, a small breeding orc.hard (clonal bank)
is being sought at another location. This orchard will be used to
pr:eserve all clones used in the production orchard and to complete the
controlled pollination work needed for progeny testing. Additional
testing will also be possible at this site.

J. D. Irving, Limited is an active member of the New Brunswick
Tree Improvement Council and participates in the establishment of co-
operative family tests and seedling seed orchards involving all partici-
pants. Company plantations are atso used for research efforts with the
Canadian Forestry Service and University of New Brunswick" CFS and NBTIC
have provided good recommendations and assistance in the initiation of
the Irving program.

Cooperative efforts have also begun with the USFS-NEFES in the
establishment of a 1ob1o1ly x pitch pine hybrid outplanting on Irving
lands in Southern New Brunswick. These efforts, in addition to working
with other companies and Govcrnment agencies on superior tree exchanges,
selections for budworm resistance, preservation of outstanding genotypes
of miscellaneous species, etc. increase the progress made for genetic
improvement. Howeverr genetic improvement is only one phase of intensive
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accompanied with protection from fire, insect-s
hr:rbicides to reduce conrpetition and thinning'
f ina tr harvest f rom our New Brunswick f-orests .
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F0REST GENETICS/ TREE IMPROVEMEI,IT, AflD RELATED !.{0RK AT TFIE

UN IVERS iTY OF NEW BRI.JNSWICK 1979_1981

G.R. Powe11 and E.K" MorEenstet:n

UwLve,,ttLttl o[ Nen BnuntwLctz
D eysantnrent ct (1 F one;t Re,tounce.t

Fnzde,n Lc.ton, lJew Bnuyuswiclz
E3B 543

With the advent of rapidl;r exparrding reforestation nrograms and
the formation of cooperalive, indusLryfgiovernment tree-improvement organ-
izations in the At,l-antic Provinces, the profile of work in forest genetics,
tree improvement, and. seed prod.uction has been significantly raised- at the
University of New Brunsvick. This, and the establishment of an industry-
ennnennoA r\trnjy in l.orest Tree Jmnrovement- h,as affected teachino and nro_, rrqu ar.!uuuru uuourrralb slru yru

jects at the wLdergrad.ual,e feve1, and research by graduate sLr.rdents anci
la.r.rl'ltv^ Thc fa-rr^"'i-- 'i^ ^ ^.'amrrv nfl t.hc an!'.irritrr in f.heea rrprq drrrinoj.!UulU!y.rlLLtUl'Ivwlt16ID4DululrafJvjUIrg@9urJ!9J

the period May I9T9 Lo April r98f.

THE CHAIR IN FORNST TREE T}ryROVE}4ENT

During 1979 nine forest-based inoustries in New Bnrnswick agreed
to fund for five years a Chair in I'or'-.st Tree fmprovement in the Deparbment
of Forest Resources of the University of Nev Bmnsvick. E.K. Morgenstern
vas appointed. to this position and took up his d-uties 1 January 1981. Ile-
scnrnh nr"nientq ero hoino flprrolnna,i in n'lnqa li4-i^^- ,.,i+h +1 .. ^,--*JI SOn Wl.trrl trIlfj SPOr}SOrlftri
agencies, personnel of the Maritimes Forest Research Centre, the New
Brunsvick Department of Natural Resources, and other facull,y members. A
Drosram of crra.drtate eourses in forost rteneties and trec irnnrrrvement has
been d.eveloped. in cooperation vith D.P. Fovler, Y.S. Park and J.F. Coles,
who are I{onorary ResearcJr Associates of bhe University. -It is anticipatnrl
t,hat graduate studies to the Ph.D. level- vi-1l be added to those at. the
M.Sc.F. and M.F. level in the near future.

IJNDERGRADUATE COI]RSES AND PROJECTS

AJ-f stud-ents in the Department of !-orest Resources are exposed,
in the second year of the B.Sc.F. progra;n, to some of the prirrciptes upL,n
which tree improvement is based-" This is through a course rTree Develop-
ment ancl Variationr given by G"R" Powell. fn the third year) stud.ents
whose area of concentration is Tree Biology take a tGenetiesr cor-L.rse ir the
Department of Biology. All stud-ents receive some exposrire to tree r.mpi'ove-
ment in Silvicultllre colrrses in thejr fourth year. In each of tlre past two
years. L0 senior stud.ents have enrolleii in G.R" Povellts course on rTree
Development in Felatjon to Reproductionf. fn that course, details ol lhe
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fult cycle of seed. prod.uction for the six Canadian genera of the Pinaceae
are deal-t wil,h and the topics of cone analysis, seed cluality and. seed germ-
'i nn.f.ion ;'1 re nw61ny.od fhnnrrah a nlnoq nrniant Tn'l 97Q_'l 3 seni01. St1dent.3LvqbllLILL/|/)LJUvllL'

took a, tTrorest Geneticsr course from C.M. Harrison, who held a tvo-year
qnn^rnlmon+ i rr Lhn r)nnrnf mont ( end who annrrireci hiS Ph.D. ifr FOfeSb\GIIU wl'lU uuvurLLu

GeneLicr from i,he ljrriversity of Jdaho in i9B0). fn l,lLe past academic year'
E.K. Morgenstern baught a I'orest Genetics course 'ro lL senior stud.ents.

Und.ergraduate sbud.ents are required to write a Lhesis or report
in f,heir fina.l \raer Tn *ha -cst t1^7n vFprs. l2 StUd.ents have \rofked Onvsrut f,L

tOOi r-S re'l ated f n f rao imnrnrromant Rnwo -f nni n5 afose t'fOm the StUdentSluvI/r uL

sumner work, ancl some students deveJ-oped their ovn projects, while others
de.refoped topics from the literature.

Severaf stuclents have made use of gerninators or growth chambers
in r,rorking with seed-s or seedlings. Frar,e (fggO) for-rnd" that seven Ontario
sources of Pic_ea glauca (Moench) Voss seed- germinated better than seven
Nova Scotia sources. Al1 seed sor.ulces beneiit,ed froni stratification, but
sbratification for ?L days was as good &s s+ura1-,ification tor \2 d.ays. r.n

assessing malr-rrity of seed on six P. Slau_cq. trees growing in northern Nova
Scotia, Oxenham (fg8t) found bhat the nurnbers of full seeds per cone in-
creased between 3 and l0 August but then varied little through to the final
collection 1l+ September. Seeds extracteo immediately after cone collection
germinated better than those extracted after the cones had been subjected
to cold-ai-r or shack-air storage. Stratification of the seeds for 21 days
increaseri- rate of germination but not perceo+u&ge germination. Ed.dy (fgBO)
for:nd that heavier seeds from individual trees of bl-ack spruce (Picea

. f.,.- - -l 
^ ^ ^ r /^, \ 

-

mariana LMi]1.J B.S.P.) and Scots pine (Pinus syfvest,ris L.) produced sced-
fings, at four harvesh dates up to T2 aays, vittr tonger hypocotyls, a
great,er number of cotyledons and a greater dry-root mass. Seedlings of F.
mariana from tvo fowland and. tvo upland sites in the Thrmder Bay a::ea of
Onta.ri o wcrc rrollrn for ten veeks on nent a.nd on qqnd hrr r|rrrcl nnd ( i eBO )Iruau arru vrr rqrru vJ \ L/ vv / .

Seedlings of one of the lowfand sites grew consi derably better on peat,
and somewhat poorer on sand bhan did those of the other sites. The small.
sampfe and differences in seed veight, hovever, cal-l- for a cautious j-nter-
pretation of these resufts.

Mifflin (fg8f), after wor:king for D.P. Fowler (Maritimes Forest
Reseerr-h Centre) vrnf p nn hrrhri.flizatiOn betveen P. mafiana and. Prl cea,.rr v\.rrvr I / , vrr ar.y

si behensis (gong, ) Carr. She showed 1.hat first-year seedlings of the hy-
brid 'nrere :lnternediate between those of the parents in nurnber of cotyledons
and in height gror,v-th. However, the hybrid shoved. heterosis for height
growth in the statistical sense because it exceed-ed. the mid.-parent vafue.

According to data of D.P. Fovl-er, the seed yield per eone of. /- . \ ,,Larix laricina (Du Roi) K. Koch in Nev Brunsvick in 1979 was abnormally
1r". p"tch-f-tg8O), using Erikssonf s (ryfO) hypothesi.s, showed that ab-
normally warm temperatures in l-ate January L979, foilovr',i bv \.ery low '-cnp-
eratures in mid February, could have been responsibLe io: lne lov seed seL.

Stewart (fgBO) investigaterL crovn d.evelopmeni, rnd cone bearing
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in a series of ages of young Pinus banksllna Lamb. trees" lie folrrd that
initiaf seed-cone pi'od.uction occurred two Jrears after planting, \rhereas
ini1,ial polJ-en-eone production occurred four: years after planting. Cone
OrOdrret,iOn genera.'l lw i ner^rsprl r,.i.Fh rco rnrl h..l nn annar.ont dol-.aingnlg]
effect on vigor of shoot growth or nunbers of branches.

The specific gravity of the lrood of discs from different levels
in the sten, and of discs and cores from breasN haiohi: nf 2o F. sla,1ea.6f,quu@
trees was investigated by Caz'on (1980). He <i-etermined that, in compaiison
with breast-height discs, cores ur:d,erestimated specific gravity by 3/", and
that the specific gravity of the whole tree cou1d. be estimated. from two
eores at breast height with a coefficient of determination of 0.7)+" fn a
study of the specific gravity of 180 comparison and plus irees of P. gfauca
and Picea rubens Sarg. from Nova Scotia, Birkett (fgBO) found. that nearly
hal-f of the plus trees exceeded- the rnean values of the pair of comparison
trees. There was also a difference in specific gravity aJnong seed zones
in P. rubens but not in P c lqrror r.rhi nh hqd 1-auap cDtri] 6f o LI4u\-o \lIIIUfl -*-'j,--S.

Survival and height growth at, fivc year.rs of stock prod.uced frorn
25 New Brunsvick populations of P" banksiana and planted at five sites in
the Province were exarnined by Cherry (fqBf ). Significant d.ifJ'erences in
performance l,rere apparent and prelininary recommend,ations were mad-e regard-
ing use of seed from the parent stands.

fd.eas for a tree -improvement prografll
oped by Kelly (r9BO), ancl Stocker (r98r) wrote
eontrol'l i n- the snr'uee brrdworm ( ChorisionerJra.Ill \:

changing chromosomes through radiation.

for Newfoirnd.land were d-evel--
on the use of genetics in

fumileqg4ta [cten. ] ) , .. g. by

SEED AND CONE PRODI]CTTON BY YOUNG BLACK SPRUOE

An intensive study of the intrinsic patterns and morphogenesis of
the cone and seed production processes in young black spruce trees was be-
gun by G.R. Povell- in 1980. The aims of the stud.y, vhich rel-ate to the use
of seedl-ing seed. orchard.s and to stimul-ation of cone production, are to de-
termine 1. the nature of the build-up of numbers of seed. cones and pollen

cones borne as plantation-gror,m trees progress through their"
firqf l? rraqrc.rJ J L*r !r I

the nature of vithin-crown patterns of pr:od,uction of seed. cones
:nd no-l I en nnnaq ann- *:hp nol q l-i nnqh-i nq hatr,rpen ihoqo nqf J-.prnq

t srru

and those of vegetative development;
the precise phenclogy and morphogenesis of buds, cones and
qaarf <.

4. the effects of variations in site on cone production; and
5. tne effects of quantity of cone bearing in one year on that of

fhc qrrlrqonrronf rrearv J vsf .

The stud.y has largely been funded-through t-,he Ner+ Br"r"nswi,,'k T'r:ee
Improvement Coirncil. A grad.uate stuoent, Guy E. Caron, receive,l a, RraC.-
field Graduate Fefl-owship from Noranda, throueh irraser Inc., specifieally

2
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to work on this project. Most of the field work is being conducted in
plaritations between 4 and 13 years of age located on J.D. Trvinq lands in
nort-hwcstcrn New ltrunswick. The Irving company is also providing much on-
si-te assis taricc .

The older plantat-ions being used bore cones heavily in 1980 and a

Iarge quantity of data was acquired and more data will be gathered in 19Bl
when a poorer cone crop is anticipated. Preliminary anafyses of the 1980
data have shown that by 6 years from planting, about 60% of the trees bore
seed cones, but onl-y 2L*" bore pollen cones. Corresponding percentages at 8

years from planting were 93 and 60. At 10 years from planting, over 90% of
the trees bore both seed cones and pollen cones. The proportion of the
crown which bore cones increased with age of the tree. At 5 years from
planting, cones were borne only on the upper two ages of branches whereas
by 12 years from planting, seed cones were borne on t.J:le upper three ages of
branches and pol1en cones on the upper nine ages of branches. The numbers
of seed cones borne per tree increased substantiai-ly between ages 6 and B

years from planting, and then rose s1ow1y. The nunbers of pol-Ien cones per
tree were low for trees of both 6 and g years from planting and then in-
creased greatly.

Pol-]en-cone and seed-cone buds burst about 2 weeks before veg-
etative buds. Follen-cone Erowth was rapid and culminated with pollen
shedding about 2 weeks after pollen-cone buds had burst. By that time seed
cones were fulfy receptive. Seed-cone closure occurred within about 9 days
from full receptivity and was followed immediately by seed-cone inversion.
Seed cones reached their full size by earJ-y August, about B weeks after
pollination. At that time shoot elongation had been completed and buds
were growing rapidly. Samples of buds and cones at all stages of develop-
ment were coflected for laboratory analyses.

Young plantations of bl-ack spruce in northwestern, northeastern
and centraf New Brunswick were used in a study by another graduate student,
J. Dale Simpson, of some effects of site features on cone production
(Simpson 1981). A total of 300 trees was examined and it was determined
that a greater proportion of trees growing on south aspects produced pollen
cones and seed cones than trees growing on north aspects. Trees on south
aspects (and fevel- sites) produced 2 to 5 times more pollen cones and seed
cones than trees on north aspects. The number of seed cones was most sig-
nigicantly correlated with tree height, and the number of pollen cones was
significantly correlated with the number of seed cones. This study, tilus,
provided quantitative information to substantiate the recommendation that
seedling seed orchards of black spruce be located on southerly sloping
sites. On the basis of a literature review, Simpson (1981) also made rec-
ommendations for management techniques for seed orchards in New Brunswick.

GENOTYPE X NITROGEN INTERACTIONS IN BLACK SPRUCE SEEDLINGS

A third graduate student, T.J. Mullin (of the Nova Scotia Depart-
ment of Lands and Forests) r is undertaking a greenhouse study of the gierro-
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l.ype x nitrol',c:n interactions during i,he first 25 weeks of gror,rbh of seed-
I'irr11s ot' )+O I'ull-sib families of' black spruce . llhi: seerJs w(,re so'r'/n in .Ian-
uary 1!81 . The objective is to inve-stigate varia.tion in 1,her inheri'bed.
capaci Ly o 1- Lr I ack spruce seedl i ngl to bake up and ure ni Lrog,.rr.

I,'UTLIRE OTILOOK

Teaching and research are t,he traditional rol-es of the univers i 1,y,

and as a resul-t of the recent advent of undergraduate teaching in forcst
senetics^ mt:oh remains tO be done t,o strenothen +1"-'^ h^,+ ^r +u,,'ema-Lns Io De dor-- rn_LS parL o_L r,rre progran.
Teaching must be int,eresting to the student, stimulate creativity, and be
broadly based to iflustrate the complex interrelationships in bi-ological
systems. At IJNB, r,re have a chance to reach ttrls goal through interdiscip-
linary work among faculty and through participation of researctr associates
vho have developed many experiments that ifl-ustrate important principlt's.

Research, too, will be cooperative to a large extent. The Nev
Brunswick Tree Improvement Council and Nova Scotia Tree Improvement Working
Grorrn wi -l I nffcr nnnnr'1-.rrni f i oe far n vqrf pf rr nf qf rrdi oc vhi Ip nrnrr-i rf i novy}/vf, uurruJs- r vr q var ruuJ vf ouuuasJ wrf!fu Prvvf \rf,116

training opportunities for stuclents at the same time. During the nex'b few
years an increasing nurnber of proven.ance experiments, progeny tests, and
other trials wil-L require measLlrement, analysis, and. interpretation. These
avnanimanl-c o16 nrimerilrr nnnnorned. With PiCea ma1.iana. P. ITlaUee P-inrre

. -u)

banksiana, Pinus IS-E:_nosa. Air,, Pinus str_obus L., and Larix larici.na, with
some varia.tion in the order of importance from one province to the next.
Broa.d-l eaved sneni cs ( fnr e-nmnl p f.hnep i n 'hha sAnrrq Retrrl o ) oro nnlrr nf\ + \/r 

' 
UIIVUL 3a3i!1/

locaf importance but will receive attention. More consultation with the
ind.ividual companies and cooperative agencies lrill 1eacl to d.efinite plans
in the near future.
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The following is an abstract of a report submitted for the M.F.
degree at the University of New Brunswick, ApriJ-, 1981.

Seed orchards are important for the production of quality seed
for reforestation. To ensure maximtrm seed yield, orchards must be located
on sites conduclve to seed production and rnust be intensively nanaged.
The objective of this study vras to make reconmendations on site selection
for seedling seed orchards of black spruce ancl to review, on the basis of
the available literature, seed orctrard management techniques applicable in
New Brunswick.

Ten plantations of black spruc-e of four ages were selected and a
total of 300 t-rees were exarnined to elucidate the influence of site, tree
a8€, and height on strobilus produc.ti.on on young trees. Trees growing on
south-sloping sites produced two and one-half tirnes more female and five
times more nale strr:bili than trees growing on north-sloping sites.
Strobilus production on trees growing on south-sloping sites was also
greater than that on trees growing on l-evel sites " Number of fenale
strobili was most significantly correlated with tree height. Number of
male strobili was significantly correlated with number of female strobili.
IE ls recommended that seed orcharcls be established on southeast through
southwesE-sloping sites or level sifes with sandy 3-oam or loamy sand
soil.

The literature review of seed orchard nanagement techniques
revealed that the tr,Jo types of seed orchards (seedling and clonal) should
be treated differently. Generaltr-y, however, sites shou,ld be thoroughly
prepared before orchard estabtr-ishment, competing vegetation must be
controlled at all times, and fertilizer: nay be apptr-led to maintain and/or:
enhance tree grordth and devei-opmeirt and increase strobilus production.
Irrigation nay also be beneficial to tree growEh and strobilus productj.on.
Seed orchards must be constantly monitored for and protected against
insects, diseases, mammals, birds, and fires. Cone col-lection crews must
be properly trained so as to minimize damage to fhe trees.
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This is the first formal report to the C.T.I.A. by a representa-
tjve of the Nova Scotia Tree Improvement Working Group (ffWC). The time
peri od coverccl is somewhat longer than usual, as an attempt has been made

i.o provide an historical account of the development of tree improvement in
Nova Scotia, and the formation of the TIWG program. Progress in plus-tree
se,Lection arrd seed orchard establishment is described.

HISTORICAL

INC I,:tT]V UAVS

,n" early work in tree improvement j-n Nova Scotja, and indeed all
of the Maritime Provinces, was done primarily by the Canadian Forestry
Service. Of particular note is the work of Dr. H.G. MacGillivray (retirctl)
and Dr. D.P. Fowler, both of the Maritimes Forest Research Centre who es-
tablished field tests of several species and provenances over much of thc
Maritimes. They were also responsible for the first delineation of seed

zones and rules for seed transfer in the Maritimes (Fowler and
MacGillivray L967).

Interest in tree improvement within the province itself increased
markedly in the early rTOs as reforestation efforts were expanded to meet
fibre requi rements. Initial efforts focused on identification of high
quality seed sources. Contracts were arranged to locate I'superior" stands
which coulcl be reserved for seed collections (SiAnu I972, Bailey 1973).

By the mid-70s, reforestation efforts had gained a higher prior-
ity, and both government and industry became lnterested in p1r.rs-tree sel-ec-
tion and seed orchard establishment. A report on the potentiaL of tree
breeding in Nova Scotia deterrnined that an applied tree improvement progrzrm

rr- 
""o.romica11y 

attractive, and could greatly enharrce the productivity of
planted stands (ivtu11in 1976). I{owever, it was pointed out tl-rat a breeding
prograln would not likely be productive unless it was carried out as a co-
operative project among several agencies.
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'i'he TIWG Is l'ormed

'fhe idea of a cooperative tree improvement effort was not new,
and appealed Lo 1.hc larger agencies who came together in April of 1977 t<>

form the Tree Improvement Working Group. Membership in the TIWG is as
follows:

Bowater Mersey Paper Company Limited
Nova Scotia Forest Industries
Scott Paper International, Inc.
Nova Scotia Department of Lands and Forests (NSLI')
Canadian Forestry Service (Maritimes lrorest Research Centre)

With the exception of the CFS, all members participate in the
operational aspects of the program: selectj-on, seed orchard management,
testing, etc. Planning and coordination of the overall prograrn is carried
out by the Tree Breeding Section of the Departnent of Lands and Forests,
working closely with technical advisors and research scientists at the
Maritimes Forest Research Centre-

During the first year of the TIWG progran, members participated
on a completely informal basis, becoming faniliar with breeding methods and
developing ideas for a cooperative improvement strategy. Late in L977, the
Management Committee of the TIWG assembled a five-year work plan which spe11-
ed out performance targets for each agency (TIWG 1977). The allocation of
workload (and benefits) was proportioned according to the nursery production
targets of each agency. High-1eve1 officials then exchanged letters of
commitment to the five-year p1an.

PROGRESS TO DATE

Selection

Since the TIWG was formed, over 650 plus-trees have been selected
for inclusion in the program. Emphasis was placed on selection of white
spruce (?Lcen glattca (Moench) Voss), black spruce (?Lcen mattLann (Mi11. )
B.S.P. ), and red spruce (PLcen nubenz Sarg. ), as these make up the rnajority
of nursery stock planted in the province. However, pl.us-trees have also
been selected in white pine (Pittuz ztttobuz L. ), jack pine (Pi-nuz bonAil,ona
Lamb.), and Norway spruce (?Lcea ablez (L.) rarst.).

Selection is performed using a comparison tree method based on
the North Carolina State University system, with slightly different criteria
used for each species. A11 selected candidates are inspected by Tree Breed-
ing Section staff before being approved for breeding work. Black spruce and
jack pine plus-trees are felled and seed collected for development of seed-
ling seed orchards. Scions from red, white, and Norway spruce, and white
pine are grafted for establishment in c1ona1 seed orchards.

Seed Orchards

A sma11 (1.0 hectares) red spruce orchard was established in 1"977

by the Department of Lands and Forests in Lawrence.town, Annapolis Co., as a
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rcsult of early selection and grafting efforts. Since the formation of the
Trl^JG, an addiLional 4.7 hectares of grafted orchard (3250 ramets) have been
cs L:-rbl i shed al. three locations . Scions are collected f rom plus-trees by
climbirrg crcws employed by t.he indust-rial members. Grafting is done by
'lrcc []reeding Scction s1-aff, who tend the seedlings unt,i. I ready for ship-
ment to orchard sites. Over 6000 ramets are currently being held in 1.rans-
plant beds at. the Tree Breeding Centre in Debert. A cLone bank containing
over 7O0 rarnets has al.so been established to produce additjonal scion
materia.l and to facilitate controlled pollination work.

Crafted orchards are planted at 5 x 2.5 m spacing, arrticipating
removal of 5o"/. of the trees through mortality and roguing as a result of'
progeny testing. The orchard design is based on the permutated neighbour-
hood concept, using a computer prograrn adapted from Bell and Fletcher (197g).
Output from the program was modified somewhat to simplify packing procedures
in the nursery and identification of planting locations in the field.

A 3.ti hectare seedling seed orchard was established in 1978 using
white spruce seed collections from the Ottawzr Va1 1ey. Preliminary test rc-
sulls indicate that these sources rnay have s.ignificant potential in this
region (F-olvler and Coles 7977). Seed collections have been made for two
black spruce seedling seed orchards and associated family tests to be es-
tablished in the spring of 1982. one of these orchards will produce seecl
intended for use on the Highlands of Cape Breton. The second orchard will
serve the remainder of the province, and will be established from selected
trees in Nova Scotia and southern New Brunswick.

Virtually every member of the TIWG has experienced difficulties
in locating seed orchard sites. Large areas with suitable soi1s, topo-
graphy' access and climate are extremely rare on freehold and leased lands.
This has led some members to negotiate purchases of land in the Annapolis
Val ley of Nova Scotia which is considered to have climate and soils highly
suited to seed production (Co1es 1980).

Test Plantations

Since 1977, members of the TIWG have outplanted over 20 hectares
of Lcst plantations. These include tests of black spruce stands in Nova
Scotia and New Brunswick, white spruce from Nova Scotia and the Ottawa
Val1ey' and red spruce from 1ocal sources. Tests of hybrid splrce and
larch (LarLtx. I\li11.) materials have also been established in cooperation
with the Maritimes Forest Research Centre.

Tree Breeding Centre

Until recently, grafting and production of test seedling stock
was carried out at Provincial forest nurseries, and at the Acadia I'oresl
Experiment Station near Fredericton, New Brunswick. Early in 1-981-, facil-
ities at the Tree Breeding Centre at Debert in central Nova Scotia were put
into operation (Figures L and 2). The Centre is operated by Tree Breeding
Section personnel and was built llith assistance from The Deoartment of
Regi onal Economic Expansion.
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'I'tie 'f r'<,:e Brerc;ii irlg ii,:rrr1 | i;, L)ebt:1-'1, iii-,v:L lir.:r.,1' La beg:rrr ciperation
c:,rr1y ilr 1!8 i, tiL-ri I 'r i:'; iltr: I,tt'p,-ri'titii:rt 1 of Larlds and Forests
ir,i J.lt ;rssLSl.trrtr.l f i,,,n t)11i,i;-, Lhe f-lt:iit-r:(r pI'o\ric-1cS nUrsery, OffiCe
r.ind I ab l:rc i t i t r L::r 'L.o :,t:rt'e the Tlcc ImllrovcnLent l\iorking Group
p 1'o! ranr .

Over 6,OOO spr,.trre iiraft-s! tirc 1,ur)aldti i ti olle oF t.l-re Centrers
greenhc-rttsc zot'irr :), '['ftt. :rrrttt: is erqiiil-.,pr--d r.lith a dorrble poly
roof , roLiii-lg irJci,i i, ,,.), t(nr, ilrili,'r'-t,l lt:-l.rcnr:fr lieat-ing, lrad cool-
irrg, coml:jn,'rLior-, ir:r't;1:t1-iorri f"crti 1i';,ai.i oii/-plitllt,pet'iod control
bc,irmu tiigh-liresi:lr.ll c .rr;ii itriLi J igh1 i.u, :trid shadc,i tlre rmal blanket
system.
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The facility consists of greenhouse, laboratory and office space
devoted to providing special services to the TIWG program, and is located
ad.jacent to a 21"O ha area reserved for seed orchard development by NSLF.
The 930 m2 greenhouse -ls divided into four equal-sized zones, each under
independent climate control. This c<lnfiguration has proven to be extremely
useful, as ideal climate conditj-ons can be maintained for grafted or root,ed
seedlings, while a neighbouring zone is being used to germinate a family
1,est.

MISCELLANEOUS

From September 1980 to May 1981, I was on educational leave from
NSLI' to fulf-il1 the residence requirements for an M.Sc.F. degree at the
UniversiLy r,I'Ncw Brunswick, specializing in forest genetics. Dr. E.K.
Morgensl-ern and Dr. D.P. Fowler are co-supervising my thesis research, in-
vestigating genotype-nitrogen interactions in black spruce seedlings. A

disconnected dial1e1 mating design was used to produce 40 ful1-sib famillcs
which were grown under three 1eve1s of nitrogen in a replicated greenhouse
experiment. Work in this area will continue beyond the scope of the thesis
as prrrt of the TIWG prograrn.
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Trials of exotic conifers have now been underway in Newfoundland
for fi ft,een ve ar.s anrl nre,l iminnr-' * - ^r^ ^^"' r^^'i ^: Of theirrrf uuvfr Juq!u u.ru l/!urrrrrrfrqf J ADDEDDIIIEIIUD OIg IMV UgIIIE; lllou(

suitabiliby. fn general, the pines and spruces tested have not proven
superior in growbh rates to native species but Larix kaempferi and L.
eurolepis have.

The effects of low temperature on pollen development in Larix is
being sLudied Lo determine if pollen sterility resulls in low seed yields.
Early data indicate that low temperabures do not cause pollen sterility in
native Larix but rnay in exotic Larix.

A series of controlled pollinations has been done on Picea
mariana and P. glauca bo compare the effects of self-poll-inationl cross-
pollln'ation and open-pollination.

I. TRIALS OF EXOTIC SPECIES

1. Plantation of Exotic Pinus Species

This plantation was established on a burned cutover in 1966 with
I rnrn rracr a-1 r:l cl n3J6 Forrr s ncni es - P. svl rrestri s . P henksi pna _ P. COntOf i,ael,vvfvu, r. uulrvve vsru\ururrq,

and P. resinosa had survival of 75%-or-greater. Tl-ree-specTes, P-. el5il-
caullsr-P.-Ieffira and P. nigra v. corsicana were rated as fai1ur6s.-
Iverap'e Total heisht was sreatest Toi-P. Tanksiana and leasl for P. resinosa
(faofe f ). Differences be-uween replications were also statisrically-GffiT-
ificant, a reflection of the varied site conditions within the plantation.

Compared to black spruce regeneration in the area, however, the
1.'^r'nhrc o*r-inarl hrr Lhp nincs er"a nn-f imnracct'rrq. AI L5 yea].s bfaCkrlgagIIUD 4 U UOf rlEu uJ urrs yf rrvu
qnrrrrio nrt.rry.el nAocncra+,ion can hp prrneat.ed t,o gl'rlw t'o a hei lhl' of ).'., Lt)DyI UVg Irq UUaOr f u6EfrEl o urvrr vorr uu u^}ruv uvu vv E)tvrr

/*.rJ metres so there is liltle advantage in terms of productivity gained by

use of the exotic species.
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Table 1. Average total height of l5-year old Pinus.

Species Or.-i rri n-_ -o-__

Avg. l,oterl
ht. (m)

Pinus banksiana
P errl rra c l- r-i ceJ!vevu!rr

D arrl rroqtri q

P. contoata
P. resi-nosa

NTaura.r ci I a \lnur R1'9119147igft
lrv YYvqU v!v ,

Krrorerresi - Finlandvvvlt

l'/[nrnrrqhi ra TI K

Long Beach, Washington, U.S.A.
Ppt.erunlva \Ttr'T - Ctn tafior v uqrrareu rrf f t

3.58x
2.7O a
2.5O ab
2"39 a.b

1. Bi- b

xXleans followed by the same letter are not statistically different from
each other at p level O.95.

2. Pl-antation of Native and Exotic Larix

Remeasurements were made in 1980 on a plantation of exotic
Larix when the trees were eight years old from seed. Survival was poor

-in 

some species ( tante 2 ) because many trees had poor root development

Table 2. Survival and average total heieht of Larix plantation trial

Species Origin
PoraonLa oo

survival
A--- +^+^1flvB. UU t,d.i-

ht. (m)

Larix laricirra
T. arrrnl ani q

T. errrnl enr'q
L. sibirica
T. Va omnfarr'

L. sibirica

Petawawa NFI, Ontario
Iilabie Seed Orchard, Scotland
Newton Seed Orchard, Scotland
Krasnojarsk, USSR
High Meadow Forest, England
Krasnojarsk, USSR

97.8 a
6J. J aD
67.8 b
4r1 Q l- n/ | .\) 9v

50.0 c
+). )

L.2L a
1 /,q h

L.56 b
| </ 2

-oz c
.92 d

in t.he nrrrser.v end because both T,- kaemnferi and L. sibirica had flushedvv 
' !/ srru

before planLing. (tt is essenlitl lE-TewToundland- to grow--la.te flushing
varieLies of larch and bo plant l,hem as early in the spring as possible. )

\lone of the exotics have survived as well as the native L. laricina. Once
ao-i oh-r i oharl hnrrrp17p.1^- hnt,h T,. kacmnfori snd T, crrrol cni s-g.t^Efr-TEET6f i,hangDUquLlDllgu, lluvuuvvr t uvurr !. f\ugtrr}fr9r r drru !. Euf v!eyrD 5revv r c

lhe L. laricina. Both seedlors of L. euroleFis were-GIEhificantly taller
-r 

--=--tnan !. l.ar]-crna.

3. Comparison of l5-Year-OLd Nat,ive and Exotic Species

Comparisons of plani,ed native and exol,ic species on boLh uplano
and barren sites ( Tables 3, /r) have sholun that Larix generally outgrows
native black spruce and obher exotic pines and spruces ald that on some
sites T,- kaemnferi orrtsrows all other larches.
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Itre results indicate an excellent potential for the introd.uction
of Larix as reforestation species in Newforindland.

Table 3. Arrar"e oe I n t.: hoi ohf nf nl qnta^

i nroo nnnllrrnrirra rrnl on.-l or'*ao -inurr! EE I,f vuuv u! v9 uulotlu DI ugD IIt

Itiewforurdland.

Picea mariana and
uro qf.arn n an * rq'l

T,nr-i v qnn -n
Eild-Eastern

Snoni pc Ori oi n
-r -o-__

Avg. total- ht . (m )
after 15 yrs.

Picea mariana
Larix laricina
L. decidua
L. decidua
T. knomnfori
T. lra amn f o rr'
T. ke pmnfar-i

Northumberland Co., N.B.
OuysLorough Co., N.S.
Central Europe
Region VI, Germany
Region VII, Gernany
Region VII, Germany
hx+ v^+d11d^f ^1,^ lrT^a^^^ivlv. ao uDug4 uoAg, t\d_gdIIU,

Japan

I
1 tdL a /Ar.40 -1 . od
t,.68 2.gO
^ -/z. Lo I.56
r.86 2.27
3"O3 2.52
3.64 3.L5
2. /r5 2.87

/+.58
4.72
4.52
4.97
/+.79
5?t

l_. .rnls seeo tot
re oonpre *.i nn

was severely suppressed by nearby
in the area averages about 4 m at

reoenerA t,i on - Natural
noa 15

Table 4. Arrera cro tn1.e l
pea'L bog and

hei.ght (m) of Larix and
on a D'l ousncd heattr.

other conifers on ploughed

Ploughed Ploughed
heath

Larix laricina
L. kaempferi

Picea mariana

P. glauca
P. abies
P. sitchensis
Pinus banksiana
P qrrl rra c* rr' c

P qrrl rro qt ni c

Guysborougn Co., N.S.
ftegron vII, Lierma_ny
Badger, central Newfound-
land
A,r.,cha-nr r r,' i'a^ N. S.vuSrr vv.,
\/i Innrrrp h'-inlnnd
Tarrnoa R Ct u'v'

Northumberland Co., N.B.
Kr rnr'Arrosr fr'i n I and
t\tn ?D\renr 7a lt K

, v . r!.

^:_
52

.)+

.24

L. )L

) 1)

L.20

L.2L

2 )Q.

2ryL
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( i ) PoI-Lcn du veloprnen L
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]1VtrRO\Ifl\,MNT OF NA,T]VE CON]FERS

Larch, L. laricina1.

The relationship between pollen d.evelopment and climate is
being studied in L. laricina, L. kaempf'eri, L. decidua and L. sr-rr"o1 on-is
studies of potlen deve%pnieni nu"ffirpi"tae:r. l. r-arrcin;i::sj:'
Results showed that pol1en mother cells began development fromTnter-
phase in early to mid-October passing through Leptotene, zygor,ene and
Pachytene by 10 November. They remained in Diplotene until mid-l,farch to
early April when melosis was cornpleted over a two to four week period.
Microspores were produced by early tVlay. The general pattern of meioticdivisions, their sequence, d.uration and variability within and between
trees was similar to that reported earlier for L. decidua, L. kaempferi,
L. sibirica and L. eurolepis

Deviation from the normal- pattern occurred infrequently. Insix trees the "resting Diplotenert of the winter was interrupted on one
occasion and some male strobil-i had a rtdelayed neiosis" which occumed
several days after meiosis in all other sampled strobili. Abnormal
chromosome separations were observed on a few occasions, these consisted
mostly of lagging chromosomes, a comlon abnormarity in iarix.

There appeared to be no causal relationsnip between l,empera1,ure
and the onset of the various stages of meiosis. The number of abnormal-ities observed indicated thab the low seed sets observed in L. laricina
could not be attributed to sterile pollen arising from tempeFaturE-
induced damage.

Examination of the po11en mother cells of the exotj-c larches
indicated that meiotic d.evelopment occurs two to four weeks earlier than
L. laricina. A hiohcr. nr.nnnntiqn of rlnmnrrcrl oallg was obServed in theustl@ts gu wg_
exotlcs but as yet, data are too few to show whether seed production islikely to be affected.

( ii ) Inter-specific and intra-specific hybridization

A seri-es of controlled pollinations was done on L. laricina,
!. kaempferi, L. eurolepis and L. decidua in 1980. Inter-
specrl'1c crosses were made and year-old stored pollen was besLed. Seed
has been extracted and seedlings will be grown as soon as local facilities
are available. Self-pollinations were also d.one on each rnother tree.

2. Genetic Improvement of Black Spruce

A series of single-tree pollinations was d.one to assess yi-elds
of seed after open-pollination, cross-pollination and self-pollinabion.
A total of six mother trees 15 to lB years old of natural origin were
used. Seed has been extracted and will be sovrn in 1981.
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A suudy on plus tree selection was continued. The object was
to ctelermine if it was practical to select plus trees for high density
witirout sacrificing growbh rate. Most of the fieldwork has been completed
rnd nrel iminenr results indicate that the two var.iables are not related
meaning that selection can be based on one but not both criteria. There
al so Rnnears to he an enrra'l -l v wide ranrre of variatlil itv in orovrl,h rate
and density.

3. Genetic Improvement of White Spruce

Trees in a 2O-year ol-d provenarce trial were selected for a
serj-es of controlled pollinations. A series of intra- and inter-prov-
enance crosses was done using both fresn pollen and pollen stored for
one year. Some cones were lost to squirrels, only recently introduced
into Newfoundland. Seed has been exti'acted and. will form part of a
seedling seed. orchard to be established by the prorrincial government.
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